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Model 25 
COMPUTING 
LINEAR 
INTEGRATOR 


Designed for flow totalization, temperature recorder 
averaging or area computations in gas analysis 
procedure. The Librascope Model 25 is a fast, accurate 
computer for direct reading or remote reading 
through electrical impulse output. 

With this Librascope unit, manual integration of 
recording data with its attendant inaccuracies can 

be eliminated. 

Other desirable features include high response, 

low torque requirement, also low maintenance with a 
pulse output that provides for convenient electrical 
transmission for use in data systems or remote counters. 
Installation kits available. 


Write for Linear 
Integrator Bulletin. 


Y 
2 IBRASCOPE 


aR NERA £ N EQUIPMENT 


Librascope, Incorporated * 808 Western Ave. « Glendale, California 


continuously 
integrated 
total of data 
as it is being 
recorded 
or presented 


Mounted on Strip Chart 
Recorder, the Model 25 Libra- 
scope Linear integrator in 
this position accepts the out- 
put of the transducer or the 
ga plus motion as an 
input. 


Model 25 
Linearity (% of full scale) — 
0.2 


Repeatibility (% of full 
scale) — 0.05 


Range (Percent) — 
—10 to +110 
Full Scale Travel — 23°, .28’ 
Response—Instantaneous 
Torque 
Time Shaft (in./or.) — 0.50 
Input Shaft (in./oz.) 
maximum — 0.35 
Temperature Range — 
—45°F to + 150°F 
Outputs: Mechanica! Counter 
and Switch Closer For 
Remote Pulse 
Weight — 1.5 (ibs.) 





Successful programming of large-scale analog computing 
systems—where different problems must be solved on a multi- 
shift or other short-time basis—requires extensive use of digi- 
tal techniques for program control, potentiometer settings 
and function-generator calibration. Also problem setup time 
must be drastically reduced by digitally controlled problem 
analyzer procedures. 

To satisfy these exacting requirements, Goodyear Aircraft 
Corporation proudly introduces a new automatically con- 
trolled, large-scale version of the famed GEDA A-14. 


New digitally controlled 


can reduce setup time 
80% or more 





This new computer combines the remarkable advantages of 
GEDA A-14 computing elements with the new GEDA digital 
data-transcription system. The result is a complete, integrated 
analog computing system having exceptional linear and non- 
linear capabilities, high accuracy and wide flexibility. And, 





because this new system incorporates standard GEDA A-14 





computing elements, initial cost is relatively low—capacity 





can be enlarged inexpensively. 
The large-scale digitally controlled GEDA system can be 
operated as one large computer or as two or more completely 





independent smaller computers. Input data is accepted from 
either punched tape or typewriter command. Problem setup 
requires only insertion of the problem boards and introduc- 
tion of a tape program. All subsequent operations are entirely 
automatic. In this way, a stored 500-amplifier program can 
be set up in less than three hours as opposed to more than 








15 hours for equivalent manually controlled equipment. 


For technical details of the new digitally controlled GEDA 
A-14 system, write Goodyear Aircraft Corporation, Dept. 


913GL, Akron 15, Ohio. 
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GOODSZYEAR AIRCRAFT 


GEDA -T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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Why crystal gaze... 
you can start closing loops now 


with a Beckman / 112 Data Processing System 


No one knows better than the operator of an on-stream process 
facility that fully automatic, closed-loop controllers are a part of his 


future. Perhaps he is already using data processors, or even 
closed-loop controllers of sorts— probably decentralized, multiple-instrument 


installations of analog equipment. No doubt he would like something 
better. He has been promised a whole lot more. 
He has been promised accurate, reliable, fully integrated systems — 
closed-loop, digital controllers that will turn operational nightmares of 
today into the production dreams of tomorrow. And no doubt he will get 
them, but the question is when? Can he afford to wait? 
He doesn’t have to wait. He can swap his crystal-ball system of tomorrow 
for a mirror reflection of his processes today. An accurate, reliable, 


fully integrated data-processing system —compatible with automatic 
controllers—is already a “hardware” reality. The Beckman 112 System 


is at work in the process industries now. Combining the best features 
of analog and digital methods, the 112 is on the job around-the-clock — 
monitoring stream variables, giving off-limit warnings, performing 
the mathematical computations for continuous control, and 
producing digital readout in readily usable form. 
For information on how Beckman Systems Division can provide 
you with a field-tested system to meet your process needs now, 
write for Data File 2D-12-46. 


Operator sits at streamlined 
112 control console, with 
entire process at 

his fingertips. 


Beckman® oe 
Systems Division 


825 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 
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Solving Flow Control Problems Graphically 


G. A. MARTIN of Canadian Chemical describes a method of determining valve sizes and 
characteristics, and required piping changes, by plotting system characteristic curves 


New Type Transfer Mechanism Eases Materials Handling Problem 
].B .RESWICK of MIT and J]. WRIGHT of Jones & Lamson discuss virtues of a hydraulic 


transfer mechanism using velocity feedback and specified acceleration-time programs. 


Six Control Problems Solved by Magnetic Amplifiers 


A. E. MAINE of DeHavilland of Canada tells how magnetic amplifiers were used to solve 
problems ranging from temperature control through aircraft propeller synchronization. 


How to Evaluate Control System Bids 
W. D. BELL of Van Nuys, Calif. emphasizes that buying a complex control on bid can be 
more complicated than the system itself and that cost cannot be the sole criterion. 


Lab-Built Modulators and Their Test-Obtained Characteristics 


L. S. KLIVANS of Radioplane completes the group of four servo-modulator artic! 
describing seven specific circuits and the detailed results of tests performed on them. 


How to Estimate Damping Ratio from Frequency Response 
C. J. SAVANT JR. of Servomechanisms, Inc. presents two curves for quickly estimating 
the damping ratio, assuming that the least-damped roots dominate system performance. 


Process-Stream Refractometers 
L. G. GLASSER of du Pont covers the basics of differential and critical-angle refractom- 
eters and describes two monitoring and control applications in chemicals and petroleum. 





Weather Data by Digital Telemeter 
J.D. HUMPHREYS of Bendix uses simple equipment to gather data from remote stations. 


Remote Control for Manual Pots 
]. SALVATORE of Univ. of Illinois reveals a package that should be on the market. 


A Proposed Correlation Function Generator 
D. P. HINES and H. THAL-LARSEN of Univ. of Calif. propose a special computer. 


Pitch g Limiter Protects F-102 


C. G. ERICKSON of Convair keeps acceleration forces below structural safety limits. 





Control 


ENGINEERING 





Control Personality — A. J. YOUNG 


English instrument user presses for the application of fundamentals to control problems. 


What’s New in the Control Field 


Sputnik’s launching precipitated a frantic dress rehersal for tracking U.S. test balls. 


65 Industry's Pulse — The Profitless Atom 


The atomic business seems sick; look for a change in emphasis from power to processing. 


69 Editorial — Made, Not Born 


New company training courses for control designers yield well-rounded systems engineers. 


116 New Products Developments 


Featured: a far infrared camera, a nitrogen gas analyzer, an ultrasonic level indicator. 


175 Abstracts of Technical Papers 


On counting control, stability problems, aircraft engine controls, thermionic rheostats. 


New Books on Control Engineering 
On fluid power literature, design of linear systems, electronic computers, paper controls. 


8 Shoptalk 161 Bulletins and Catalogs 
10 Feedback 180 Meetings Ahead 





W. W. Garey, CtE’s publisher; William E. Vannah, editor-in-chief; and Dr. Gordon S. 
Brown, head of MIT’s EE Dept. and CtE’s chief consulting editor, rest their weary dogs 
in the Conrrot Encineerinc booth at the Cleveland ISA show in September. All three 
played prominent parts in the show: Will as chairman of the ISA President’s Advisory 
Committee and trustee and member of the executive committee of the Foundation for 
Instrumentation, Education, & Research; Bill as keynoter of the Control Systems Engi 
neering Workshop and a member of the publishers panel; and Gordon as keynote speaker 
at the session on research and development 
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12 degrees of freedom 


in dynamic loading 


handled uith FASE ® 


Boeing Engineers choose the new Beckman/EASE Model 1133 


To analyze landing, gust and blast loads in calculations involving 12 degrees 
Standard 1133 Console Capacity of freedom, the Seattle Division of Boeing Airplane Company needed an 

analog computer of exceptional capacity and versatility. It had to meet exact- 
One Standard Model 1133 Control ing current requirements...handle the largest problems with which the 
Console can be used to operate all of Engineering Department Structural Dynamics Unit had yet worked ...and 
this equipment: be capable of expansion for the requirements of future studies. 


104 amplifiers Boeing engineers found the match to their comprehensive performance specs 
, in the EASE Model 1133, specially adapted to this application. With the 
<5 coniviniont petsetomaters competent help of the local Beckman/Berkeley engineering representatives, 
20 Function Generators Hawthorne Electronics of Seattle and Portland, the Dynamics Staff trans- 
: “ali lated its requirements into a computer system fully capable of handling the 
24 Electronic Multiplier ch | : ? ‘ 7 Diop wget , 
ee ee ee immediate projects ...and of being expanded to twice its initial size. 
12 Servo multipliers and resolvers 
Recorders, relay amplifiers, limiters, The new EASE facility consists of six control consoles which can be operated 
independently or as a single large-scale computer. Each console has a fully- 
and transport delays and other shielded, short-proof 3600-hole patchboard, and controls an unusually large 
+: amount of computing equipment. New high-power Beckman/EASE Model 
auxiliary equipment ‘ come ; ; : 
1049B amplifiers supply 40-milliamp output, important in solving large, com- 
plex matrices. The system is complete with output scanners that print-out 
1000 problem voltages as part of the built-in problem checking function. 


144 external trunks 


Highly flexible basic design permitted the adaptation of the new Beckman/ 
EASE Model 1133 to give Boeing engineers exactly the equipment they 
needed. We will be happy to provide full information on how to solve your 
problems with EASE; simply write to Dept. L12. 


Beckmarn® 
BASE COMPUTERS 


Mfd. by Berkeley Division, 
Beckman Instruments, Inc. 
Richmond 3, California 


EASE Computer service is available on a rental basis. For full details, write George F. Bekey, Director, Beckman/Berkeley Computation Center, 305 Parkman Ave., Los Angeles 26, Calif. 
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Datalape 








CEC's 5-752... 


The only recorder/repro- 
ducer offering complete 
front access. 
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standard of the missile range 


CEC’s MAGNETIC TAPE RECORDER/REPRODUCER 


Selected in competitive tests for 
Air Force and Navy ranges...meets IRIG Specifications... 


Simplify your data problems... get instantaneous playback with CEC’s new 5-752 
RECORDER/REPRODUCER SYSTEM. Handles Analog, PDM, and FM signals... 
provides up to 14 tape tracks for simultaneous recording and reproduction of separate 
signals on one-inch tape. Features CEC all-metal surface magnetic heads. Constructed to 
meet MIL-E-4758A. For complete data, contact your nearby CEC field office, or write for 
Bulletin CEC 1576—X10. 


TYPICAL APPLICATIONS 


Telemetering from Missiles and aircraft, including FM sub-carrier telemetering * Wind- 
Tunnel Testing * Jet and Rocket Engine Testing + Studies of Shock and Vibration + Mobile 
and Stationary Structural Testing: ships, trains, etc. * Static and Dynamic Testing: air- 
frames and components * Sound Measurements: all types of analyses, including sonar, 
medical research. 


ee DataTape Division 
: : . 7 
ced Consolidated Electrodynamics 
300 North Sierra Madre Villa, Pasadena 15, California 
OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


For precision in-flight recording, 
or wherever small size and portability are 
paramount, DATATAPE RECORDER pro- 
vides up to 14 tape tracks. This compact re- 
corder provides complete compatibility with 
the 5-752, guarantees accurate performance 
under severe environmental conditions (MIL- 
E-5272A, Proc. 1), and operates at extremely 
high temperatures to 100°C. 


CEC's 1-001 Amplifier Case 
houses seven record amplifier modules 
in the smallest package on the market 
today. Rugged construction provides 
rigid mounting of modules. Coolant 
air is provided for operation up to 
100°C. Stringent environmental speci- 
fications are met without the use of 
shockmounts. 


10-12 oz. Miniature Record Amplifiers 
feature printed wiring, combination subminia- 
ture-tube and transistor circuitry, modular con- 
struction, and high-temperature operation to 
100°C. Aluminum die-cast packages, 64%” long 
by 3%” high and 1%.” wide, provide FM, PDM, 
and Analog recording. 
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HIGH SPEED ELECTRO MECHANICAL 
COUNTERS, SUMMATION 
COUNTERS, COUNTER-TRANSMITTERS 
. ADD, SUBTRACT, CONTROL 
AUXILIARY CIRCUITS... 


INSTRUMENTATION, PRODUCTION 
CONTROL, AUTOMATION, 
COMPUTING & BUSINESS MACHINES, 
AIRCRAFT & MISSILE READ-OUT... 
COUNTING RATES OF 40 PER 
SECOND ... LIFE — PRACTICALLY 
UNLIMITED. 

im 8 8&8 Fee F SF FS Fe 

DIGITAC, INC. 
420 South Beverly Drive, Beverly Hills, Calif. 
an affiliate of Bill Jack Scientific 


Instrument Co. and Otto Nemeth 


for detailed information, mail this coupon. 


Your name 
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SHOPTALK 


Numerical control comes of age 


Culminating one of the most extensive editorial efforts 
ever attempted, a 32-page special report in next month's 
Controu ENGINEERING will begin the first comprehensive 
coverage of all known domestic and foreign numerically- 
controlled point-to-point positioning systems for machine 
tools. ‘Twelve of the approximately 30 systems that were 
located will be examined in the January issue and the 
remainder in succeeding issues. 

Despite the glamor af numerical control generated by 
the continuous- path systems currently being used by the 
aircraft industry, coauthors John Cooney and By Ledger 
wood of CtE feel that the point-to- point systems will be of 
greater use and importance to industry in general for several 
vears to come. For this reason, this phase of the field 1 
being covered first. 

Sulliciont information on each system will be included 
to permit it to be specified for a particular application, and 
intelligently integrated with a machine tool into an overall 
machining system. ‘The techniques and equipment used 
in these systems suggest applications any place where pro 
gram control from recorded information media is required 


Internationalizing computer control systems 


Control engineers from many countries gathered _re- 
cently at the Conference on Computers in Control Systems 
at Atlantic C ity, sponsored by the Feedback C ‘ontrol Sys 
tems Committee ef the AIEE and supported by the PGAC 
of the IRE and the IRD of the ASME. Shown here are 
representatives of three countries: from the left, Bill Van- 


nah of CtE: Marc Pelegrin, minister of national defense 
and the armed forces of France; Boris Naumov of the Insti- 
tute of Automatics & Telemechanics, Moscow: Rufus Old- 
enburger of Purdue University, Alexander Letov of the 
Russian Institute and editor of Automatics and Tele- 
mechanics, and Mr. Mukhin ~ the Russian Institute. Des- 


pite the language difficulty, Vannah and Letov were able 
to compare notes on the problems of editing control 
magazines on opposite sides of the Iron Curtain. A _re- 
port on the Atlantic City meeting is in this issue (page 44). 
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FEEDBACK 


Broadening for Systems Engineering 


By job rotation. . . 


To THE EprroR 
We can briefly describe our pro- 
gram of engineer rotation as follows: 
I. OBJECTIVES 

A. Assure cross-fertilization of 
ideas from one “‘field”’ to an- 
other. 

B. Help those people who want 
a technical or engineering ca- 
reer, as opposed to an admin- 
istrative career, find the type 
of work for which they are 
best suited. 

C. Develop in our technically 
trained people a broad back- 
ground in various plant oper 

of ations to prepare them for 


plant management. 
voobDboo Il. EFFECTS ON INSTRUMENT 
was proved 


DIV. 
with Statham 


The might 


A. Results in people around the 
plant in production and other 
engineering groups having an 
instrument background, which 
helps immeasurably in dis- 
cussing instrument problems, 
in assessing possibilities for 
instrumentation, and in edu 
cating operating people on 
the methods of using, and ad- 
vantages of, centralized auto- 
matic control. 

B. Gives our engineers as much 
opportunity as has any other 
group to advance in plant ad 
ministration. 

C. Causes a relatively high turn- 
over in Our engineering group, 
which means that we need to 
do a terrific amount of edu- 
cating engineers do not come 
to us with any significant 
background in instrumenta- 
tion. We try to balance this 
with a corps of people who 
are interested in a technical 
or engineering career in the 
Instrument Div. This brings 
us face to face with the prob- 
lem of recognition and job 
satisfaction for such people. 

III. GROUPS PARTICIPATING IN 
THIS PROGRAM 

A. Production Div. 

1. Process engineers (trouble 
shooting and_ bottleneck 
analysis of day-to-day pro- 
duction problems.) 
Production-line supervision 

B. Electrical Div. 

1. Electrical engineering work 


Transducers 


IN THE F-101 


Statham transducers gathered 
pressure and acceleration 
data in. McDonnell Aircraft 
Corporation’s program to 
prove out the aerodynamic 

design. and structural design. 





WHEN THE NEED 
IS TO KNOW...FOR SURE 
SPECIFY STATHAM 


Accelerometers « Load Cells 
Pressure Transducers 


Catalog, complete with prices, 


available upon request. 


LOS ANGELES 64. CALIFORNIA 
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and by project rotation 


To THE EDITOR 

We generally start off young new 
employees in our training school where 
they get familiar with the construc 
tion and operation of the equipment 
we make. From there they move into 
project work, being assigned small and 
varied parts of significantly large pro 
grams as the opportunity permits. 
This brings them into contact with 
mechanical, hydraulic, electrical, and 
electronic activities as well as giving 
them experience in metal cutting and 
grinding techniques, time and motion 
studies, etc. Mostly, however, we have 
to do this as opportunities present 
themselves rather than according to 
any organized or carefully planned 
procedure. 

For instance, one of the young 
RPI graduates who has been with us 
for a vear and a half, a mechanical en 
gineer, has just built a transistorized 
servo amplifier, and one of our ele 
trical engineers has just finished a new 
machine bed for which he made threc« 
different scale models and subjected 
them to stress and deflection analysis 
using strain gages and static and dy- 
namic load tests. This may sound like 
a foolish use of trained personnel, but 
it turns out, with us at least, that all 
around capability such as this repre- 
sents a much better project engineer 
than individuals with special and lim- 
ited talents. 

David N. Smith 

Jones & Lamson Machine Co. 
Springfield, Vt. 

The letters from Winterkamp and 


2. Line supervision (mainte 
tenance) 
Maintenance Div. (evervthing 
but instrument and electrical 
equipment) 
1. Maintenance (methods en 
: — | 
2. Line supervision 
Project & Standard Engineer- 
ing Group 
Instrument Div. 
1. Engineering group 
2. Line-maintenance 
vision 
Technical Section (process de- 
velopment) 
Fred W. Winterkamp 
Charleston, W. Va. 


SuperT- 








How to Save Man Days in Research and Testing Involving Transients— No.4 of a series 








hes Aircraft Company 


























PROBLEM: Duplication of Research Effort 


Even the most patient veteran researchers are often irked 
in attempting transient analysis using conventional ’scopes. 
Time and effort wasted in repetitious trial and error to 
“capture” transients can be a problem of first magnitude, 





| 
Creating a new world with ELECTRONICS 


SOLUTION: Now you no longer need to put up with 
elusive traces. The answer to your time-duplication dilemma 
is the new Hughes MEMO-SCOPE® Oscilloscope. A stor- 
age type oscilloscope, it can instantly “freeze’”’ any number 
of selected transients—retain single or successive displays 
brilliantly until intentionally erased. 





HUGHES MEMO-SCOPE OSCILLOSCOPE 


STORAGE TUBE-—5-inch diameter Memotron® Direct Display 
Cathode Ray Storage Tube. Writing speed for storage: 125,000 
inches per second. The optional Speed Enhancement Feature 
multiplies writing speed approximately four times 


OPTIONAL PREAMPLIFIER EQUIPMENT— High Sensitivity, Dif 
ferential Input, Type HS/6: 1 millivolt to 50 volts per division. 
Dual Trace Type WB/DI/11: 10 millivolts to 50 volts per division. 
Four independent positions may be selected for single or dou 
ble channel performance and chopped or alternate sweeps 





You will want to see this “transient recorder with a memory” 
demonstrated. Send for Application Data Sheet No. MSAD-A3. 
and ask for a Hughes representative to arrange a demonstration 
in your company. Make request to: 


HUGHES PRODUCTS MEMO-SCOPE Oscilloscope 
International Airport Station, Los Angeles 45, California 


‘es 1 a 
HUGHES PRODUCTS | 


na ag 
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compact, powertul 
high quality for a wide 
range of applications 


Motor with Centrifuge! Blower 


Barber-Colman offers a large variety 
of compact, high-quality d-c- motors 


for industrial equipment and aircraft 


control applications. Output up to | 


1/10 hp. . . available in both perma- 
nent magnet and split-series types . . . 
various mountings and speeds. Also 
offered with gearheads for use as 
small actuators . . . or equipped with 
blowers for cooling hot tubes, circuit 
components, and other confined 
equipment. Lightweight radio noise 
filters available for compact, integral 


mounting on Barber-Colman motors. 


Write for free Catalog. 


BaARBER-COLMAN COMPANY 
Dept. X, 1848 Rock Street, Rockford, Illinois 
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FEEDBACK 


Smith are invited discussions of the 
ways rotation of new engineering per- 
sonnel can create the type of engineer 
needed for control systems engineering 
in the manufacturing and materials 
processing industries. See the editorial 
on page 69. Ed. 


Query on nonlinear control 
To THE Eptror— 

On page 168 of the October 1957 
ContTROL ENGINEERING you refer to a 
Symposium on Nonlinear Control, 
given in San Francisco, Calif., during 
August 1957. 

Is it possible to obtain the results 
of this symposium in book form? 
Please notify whom I should contact. 

D. Ghersi 
New York, N. Y. 


The Symposium on Nonlinear Con- 
trol was sponsored by the PGAC of 
the IRE and was held independently 
of WESCON, but on the day prior 
to WESCON. Papers that were de- 
livered at this symposium will be pub- 
lished in the WESCON Proceedings. 
For copies, contact Dr. Eugene M. 
Grabbe, Computer Systems Div., The 
Ramo-Wooldridge Corp., 5730 Ar- 
bor Vitae, Los Angeles 45, Calif., who 
is incoming chairman of the PGAC. 
Ed. 


Would aid Italian magazine 
To THE Epriror— 

This morning this office was visited 
by Carlo Rossi, president of the Ital- 
ian Society for Automation (ANIPLA) 
and editor of their journal L’Auto- 
mazione. Mr. Rossi tells me he has 
asked you for permission to reprint an 
Italian translation of Bruce E. Pow- 
ell’s article, “Basic Concepts of Feed- 
back Control”, which appeared in the 
April 1957 issue of Contrrot Enct- 
NEERING (pp. 101-105). 

ANIPLA, a nonprofit organization, 
is engaged in spreading information 
which is vital, as I know you realize, 
to Italy’s future. Its chief vehicle is 
L’Automazione. Anything you can do 
to assist Mr. Rossi will be deeply ap- 
preciated. 

John de Witt 
U. S. Information Service 
Milan, Italy 


The International Federation of 
Automatic Control has, as its basic 
objective, the international exchange 
of technical information in the con- 
trol engineering field. In the spirit of 
cooperating with the federation we 
have granted Editor Rossi permission 
to reprint the Powell article in 


“L’Automazione.” ‘The members of 
ANIPLA, who receive the journal, are 
the top control engineers in Italy. Ed. 


Zeros are cheap; should have used more 


To tHe Eprror— 
I have reviewed the final printed 
version of my article entitled “Photo- 
metric Stream Analyzers—Ultraviolet 
Analyzers”, published in the October 
issue of ConrroL ENGINEERING. 
There are typographical errors in Ta- 
bles 2, 3, and 4. In each of these 
tables the wavelengths are listed as 
microns rather than millimicrons. 
The caption in Figure 4 indicates 
that wavelengths are isolated by inter- 
ference filters. Actually, any suitable 
filter of another type might also be 
satisfactory. 
On page 94, near the end of the 
second paragraph, 0.2 absorbance 
range should be 0.02 absorbance 
range. The paper is correct in all 
other respects. 
L. G. Glasser 
Engineering Research Laboratory 
E. I. du Pont de Nemours & Co. 
Wilmington, Del. 

Phew! Ed. 


News item simulates query 


(reprinted from Sept. issue )— 
To THE EprroR— 

Will you please tell us where we can 
obtain information and literature de- 
scribing the operation of the titromatic 
analyzer shown on page 24 of the July 
’S7 issue of ConTROL ENGINEERING. 

A. C. Page 

American Potash & Chemical Corp. 

Henderson, Nev. 


Query stimulates response 


To THE Eprror— 

We are distributing the E.I.L. Ti- 
tromatic Analyser in this country. The 
equipment is at Philadelphia and will 
be shown at the Chemical Industry 
Show in New York, Dec. 2 to 6. 

The Model 34-Titromatic Analyser, 
as far as we are aware, is a unique 
instrument. It performs and records 
titrations directly from a plant and 
product stream continuously and auto- 
matically. End points are determined 
potentiometrically from a wide range 
of electrodes; hence the equipment is 
extremely flexible and can deal with 
analyses involving acid, base, redox, 
precipitation or Karl Fischer titrations. 
End-point anticipation allows maxi- 
mum accuracy, and repeatability is 
plus or minus 0.025 ml of titrant. 

The significance of the apparatus 1s 





immediately obvious—it can replace 
chemists who are performing standard 
titrations for control work. Three 
chemists on shift-work in a 24-hour 
period can be permanently released. 
Below are some applications of the 
Titromatic Analyser: 


1) Continuous and automatic deter- 
mination of ammonia content of 
the wash water in an ammonia 
scrubber for control of water rate. 
Continuous and automatic deter 
mination of concentration of plant 
streams in raw acid or base manu- 
facture. 

Continuous and automatic deter- 
mination of the hardness and other 
chemical properties of feed water 
in automatic boiler houses. 
Continuous and automatic deter- 
mination of the concentration of 
commercial liquors in the soft 
drink industry. 

H. Freedman 

Robertshaw-Fulton Controls Co. 
Philadelphia, Pa. 


Could industry have the Solion? 


To THE Eprror— 

We are pleased to see your interest- 
ing presentation of the Solion on page 
32 of your August 1957 number, and 
would like to make a comment from 
our experience in development and 
manufacture of these devices. 

The Solion we now make for thx 
Navy, and which was the basis of dis- 
cussion with your Washington repre 
sentative, is truly, as you say, exacting 
to manufacture, because it is a com- 
plex unit fitting stringent require- 
ments. However, manufacture of 
simpler cells for other applications 
would be much easier. 

T. D. Green 
Emhart Mfg. :Co. 
Hartford, Conn. 


Tortoise and hare will tie 


To tHe Eprror— 

The article appearing in the Octo- 
ber CtE describing recent develop- 
ments in control systems in Great 
Britain was very interesting; however, 
many of the systems described therein 
have been perfected to a higher de- 
gree here in America for some time. 
For example, the automatic gage con- 
trol system described in this article has 
been applied (in Great Britain) to 
single stand mills only. We now have 
automatic gage control systems oper- 
ating very satisfactorily on five-stand 
tandem cold mills. 

R. W. Holman 
U.S. Steel Corp 
Pittsburgh, Pa. 


BARBER 
COLMAN 


400 Series Capacitrols are avail- 
able in six control forms 


Full plug-in Wheelco design is 
demonstrated by removal of 
measuring system 


Model 297 offers finest low-cost 
temperature control 


Control centers provide an effi- 
cient, attractive package for 


multiple-instrument installations 


In processing... 


it’s WHEELCO 
for the “‘extras’”’ 


that really count 


Here are three outstanding 

“extras” available to every user of 
Wheelco Instruments wherever 
accurate, dependable instrumentation 
is a must: 


1. Advanced design features — plug-in 
components, flexibility of operation, 
use of standard components for 

easy maintenance, etc. — all combined 
in the most complete line of 
top-quality instruments available. 


2. A nationwide, factory-trained 
sales and service engineering 
organization, working closely with 
equipment builders and users. 


3. Training programs for instrument 
technicians and supervisors conducted 
regionally by broadly experienced 
Wheelco instrument engineers. 


Whenever precision control of 
production processes is required, 
instrument men and production 
executives agree that it pays to see 
Wheelco first, whether you need a 
single instrument or a completely 
packaged control center. Recorders, 
controllers, indicators, and 
accessories are included in the 
complete Wheelco line. You can get 
more details by writing today 

for Bulletin F 5633-2. 


BARBER-COLMAN COMPANY 
Dept. X, 1548 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, itd., Dept. X, Toronto and Montreal, Canada 


Industrial Instruments ° 


Automatic Controls * Air Distribution Products 


Aircraft Controls * Small Motors * Overdoors and Operators * Molded 
Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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Type 95 flange (/e/t), for use with chemical tee. For 
flow installations where diaphragm is flush with the 
inside of pipe, so that process fluid imparts a 
scouring action. Also for liquid level requiring flush 
installation. Maximum pressure 300 psi. 


Wafer type sensing element (rigs), for use with 
standard 3’’ ASA flange, where diaphragm need 
not be flush mounted, e.g., corrosive flow or liquid 
level measurement. Standard diaphragm material, 
for both types, 316 Stainless Steel; alternates avail- 
able. Maximum pressure 1500 psi. 
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Flow and Level measurement... 


ike NO F LUGGING » oo WITH THE NEW 


205T VOLUMETRIC DIFFERENTIAL PRESSURE TRANSMITTER 


Here at last is an economical 
way to eliminate purge and seal 
problems. The Taylor 205T 
Flow and Liquid Level Trans- 
mitter never has to be purged 
of deposited material and 

never suffers from corrosion, 
because it is completely isolated 
from the process material. The 
pressure-sensitive diaphragms 
may be installed flush with the 
inside of the pipe or tank in a 
variety of mountings. The temperature limit 
is 300°F. at the diaphragms. 


Accurate, sturdy, dependable and low-cost, 

this latest addition to the Taylor family of trans- 
mitters can solve your most difficult flow and 
liquid level measurement problems. Ask your 
Taylor Field Engineer for full details, or write 
for Bulletin 98281. 

Taylor Instrument Companies, 

Rochester, N.Y., or Toronto, 

Canada. 


Photo above and drawing at 
right show type 95 flush- 
sealed elements applied to 
calibrated flow assembly. 

















VISION INGENUITY = DEPENDABILITY 


MEAN ACCURACY FIRST 
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HONEYWELL 


This Visicorder Oscillograph record* is a sym- 
bol of the leadership that is typical of Honeywell 
engineering. In laboratories all over the world 
the Visicorder’s instantly-readable direct records 
are showing the way to new advances in rocketry, 
control, computing, product design and com- 
ponent test and in nuclear research. 


*reproduced actual size, unretouched 


The Model 906 Visicorder is years ahead of the 
trend. It is the first oscillograph that combines 
the convenience of direct recording with the high 
frequencies and sensitivities of photographic- 
type instruments. The Visicorder alone among 
oscillographs lets you monitor high-speed vari- 
ables as they go on the record. 





a record of leadership | 














Honeywell 
Heilaud Division, 


Some of the general features which give the Visi- 
corder leadership in the direct-recording field are: 


@ Frequencies from DC to 2000 cps without 
peaked amplifiers or other compensation 


@ Six channels plus 2 timing traces on 6" paper 
@ Deflection 6” peak to peak; traces may overlap 


@ Record speeds 0.2, 1, 5, and 25 inches per 
second, minute, or hour 


@ Records require no liquids, powders, vapors, 
or other processing 


Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


Reference Data: Write for Visicorder Bulletin 


Minneapolis-Honeywell Regulator Co., Heiland Division, 


5200 East Evans Avenue, Denver 22, Colorado. 
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Data Plotting 


TIME 


With Speedomax® G 
Mitlivolt Recorders 


@ Measuring a physical or electrical quan- 
tity that can be converted into d-c milli- 
volts? Then you can eliminate costly, 
time-consuming point-by-point plotting 
with one of L&N’s complete line of Speed- 
omax G Millivolt Recorders. You may re- 
quire: stocked 0 to 10 millivolt recorders 
for general research and testing; recorders 
with special millivolt ranges for particular 
applications; logarithmic recorders for 
non-linear measurements; and microvolt 
or medium high impedance recorders for 
special uses. 

These listed specifications may help you 
determine which millivolt recorder meets 
your requirements. 


1. STANDARD MILLIVOLT RECORDERS 


(Normally available for delivery from stock) 


MEASURING CIRCUIT—D-c potentiom- 
eter. 


ELECTRICAL RANGE—0 to 10 mv. 
DEAD BAND—0.15% of range. 
ACCURACY RATING—+0.3% of range. 


SPAN STEP RESPONSE TIME RATING 
—1 or 2 seconds. 
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2. SPECIALIZED MILLIVOLT RECORDERS 


MEASURING CiRCUIT—D-c potentiom- 
eter. 

ELECTRICAL RANGE—Min. 0 to 1 mv; 
Max. 0 to 1,000 mv. 

DEAD BAND—0.15% of electrical range, or 
7 uv, whichever is larger. 

ACCURACY RATING—+0.3% of scale 
span, or +15 uv, whichever is larger. 
SPAN STEP RESPONSE TIME RATING 
—1, 2, or 3 seconds nominal. 


3. LOGARITHMIC MILLIVOLT RECORDERS 
MEASURING CIRCUIT—D-c potentiom- 


eter. 

ELECTRICAL RANGE — Min. § starting 
point: 1 mv. Maximum full scale—1,000 mv. 
LOGARITHMIC CALIBRATIONS—1, 2, 
or 3 cycles. 

ACCURACY RATING—For 1 and 2 cycle 
logarithmic scale calibrations: +0.7% x num- 
ber of cycles. For linear scale calibrations 
(density, etc.): +0.3% of scale span. 


4. MEDIUM-HIGH IMPEDANCE RECORDER 


MEASURING CIRCUIT—D-c potentiom- 
eter. 

ELECTRICAL SPAN—Minimum span of 
10 mv at resistances up to 100,000 2, 20 mv 
at 1 megohm. 

INPUT IMPEDANCE—2 megohms. 
EXTERNAL CIRCUIT RESISTANCE— 
As high as 1 megohm. 

DEAD BAND—0.2% of electrical span. 
ACCURACY RATING—=+0.3% of electri- 
cal span. 


5. MICROVOLT RECORDER 
MEASURING CIRCUIT—D-c potentiom- 


eter. 

ELECTRICAL SPAN—400 uv min., 2 mv 
max. 

DEAD BAND—0.2% of electrical span. 
ACCURACY RATING—+0.5% of electri- 
cal span including allowance for dead band 
and thermals. 


For more information on this versatile line 
of Speedomax Millivolt Recorders, ask our 
nearest Sales Office for Data Sheet E- 
ND46(6) or write to Leeds & Northrup 
Company, 4918 Stenton Ave., Phila. 44, Pa. 
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From trekking in the jungles of the Southern 
Sudan and piloting open cockpit 1930 Avro’s to 
heading the British Imperial Chemical Industries, 
Ltd. Central-Instrument Section is a long haul. 
But throughout the journey A. J. Young—bettet 
known to his friends on both sides of the Atlantic 
as “Christopher”’—has kept his eye on three basic 
targets: the need for dissemination of information 
on instrumentation, the importance of a quantitative 
approach to process control, and now the importance 
of studying the economics of the subject. 

Young’s efforts in the role of an industrial educa 
tionalist have been in two phases. ‘The first, to 
provide technical education for instrument engi 
neers, was accomplished with the publication in 
1955 of his book, An Introduction to Process Con 
trol System Design. The second stage, to inculcate 
industrial management with an appreciation of auto 
matic process contro] and its economics, occupied 
much of his 20,000-word review of instrumentation 
in the chemical industry, given at the Paris European 
Productivity Agency conference this spring. 

Graduating in physics from Oxford University. in 
1932, he went to the Sudan to build up a meteor 
ological forecasting service for the old Imperial Air 
Ways. 

With the outbreak of the war, Young returned 
to England hoping to use his past flying experience 
in the RAF, but instead he found himself in the 
Chemical Research Section of the ICI Billingham 
Div. His first few years there—out of which grew 
Young’s later insistence on fundamental studies of 
plant characteristics—were spent on chemical engi 
neering problems such as those connected with the 
iso-octane plants being built to supply fighter fuel 
for the Battle of Britain. 

Immediately after the war, Sir Ewart Smith, then 
technical director and now deputy chairman of ICI, 
invited Young to set up a Central Instrument Sec 
tion in London aimed at coordinating the instru 
ment activities of the 13 operating divisions and 
acting as a central link with the British instrument 
industry. In addition, a Central Research Labora 
tory was to be formed to undertake long-term instru 
mentation and control research. In 1954, with the 
development of an infrared gas analyzer and a con 
tinuous beta-ray strip thickness recorder behind 
them, Young felt that the time had come to con 
centrate his team solely on methods of control 
system design, aiming to replace the cut-and-tn 
approach with a quantitative approach. 

A wide traveler, Young was first in the U.S. in 
1949, and his subsequent paper in the Transactions 
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| A.J. YOUNG spreads the word 


PE;RSONALITY 


of the Society of Instrument ‘Technology pointed 
out that American control practice seemed to be as 
empirically based as the British. Young’s further 
visits in 1950, as a member of the OECC produc 
tivity team on chemical apparatus, found him re 
porting, “Means should be devised for desseminating 
information on the value of instrumentation among 
those who control policy in industry,” and “Indus 
try should attempt to standardize terminology on a 
E;uropean/United States basis.” In 1952 he found 
himself implementing this second proposal by pre- 
senting a paper on process contro] terminology at 
the ASME Conference in Philadelphia. 

Young’s three-point theme of education, quantita 
tive treatment, and economics has been heard not 
only in the United States but at the Stockholm 
Conferences of 1952 and 1956 and the British Con 
ference on the automatic factory at Margate in 1955. 

Amid all this work, Young has found time to 
build up the British Society of Instrument Technol- 
ogy, of which he has been president for the last 
three years. Following the lead given in his presi- 
dential address on the importance of instrument 
research on a national scale, two important con 
ferences for control engineers have resulted—the 
latest probed on-line analysis instruments (page 48). 

Young has had some curious hobbies in the past, 
including entomology, for which he developed to 
a high degree the art of butterfly catching from a 
camel. But now, with his wife Wendy and his 
family, he enjoys more orthodox pursuits, like piano 
playing, theater going, and reading—relaxation from 
his strenuous role of instrumentation educator. 
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special report to: 


UNITED STATES AIR FORCE 


Ballistic Missile Division 


Air Researchvand Development Command 


ENGINEERS: For exciting.career in. a@ company that is young, strong and grew- 





ing, send your résumé today to Robert. Hansen, Manager of Employment. 





SUBJECT: 


REFERENCE 


ACTION: 


CONCLUSION 











PACIFIC AUTOMATION PRODUCTS, INC. Systems Cabling Program 


Fall 1955 forecasts by PAPI of benefits to be derived 
from establishment of sole responsibility for missile 
site cabling and activation. 


The validity of our subject forecasts has been 
thoroughly tested by our service to USAF and Convair 
(Astronautics) a Division of General Dynamics Corporation. 
We have provided the services described below* for test 
and launching sites of the ATLAS intercontinental 
ballistic missile, with the following results: 


1.All sites are being completed on or ahead of schedule. 

2.14,000 cables are now in service, with no malfunc- 
tions due to cabling. 

3.Substantial savings are indicated by comparison of 
actual costs with predictions based upon former 
techniques and methods. 

4.Superior design and simplified operational character- 
istics of completed sites are due to our integrated 
approach to cabling and activation. 


Original estimates of the benefits to be derived 
from PAPI services have proven to be conservative-- 
actual performance warrants extension of PAPI 
services to other missile projects of USAF. 


*HERE IS THE COMPLETE SYSTEMS SERVICE OF PAPI—THE SERVICE WHICH WE ARE NOW 
FULLY PREPARED TO OFFER TO ALL MISSILE AND MISSILE SYSTEMS CONTRACTORS 


iM, 


SYSTEMS DESIGN: Test Instrumentation, Launch Control SYSTEMS FABRICATION: Cable Components 
Special Hardware and Checkout equipment SYSTEMS INSTALLATION: Instrumentation, Recorders, 
Transducers Controls, Consoles, Accessories, Inter-Unit Cabling SYSTEMS CHECKOUT: Conformity to 
Circuit Specifications, Instrumentation operation (by systems), Fire and Launch Control Validation 


SYSTEMS DOCUMENTATION: Complete Operational Information in Approved Form 











Address Inquiries to Arthur P. Jacob, Executive Vice-president 


PACIFIC AUTOMATION PRODUCTS, INC. 


1000 AIRWAY, GLENDALE 1, CALIFORNIA Phone: CHapman 5-6871 or Cltrus 4-8677 
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was set up to track satellite in east-west orbit 


Caught with their instru- 
ments down, U.S. satellite 
trackers raced the clock 
to get electronic tracking 
gear working. Here’s what 
they learned from their 
frantic three-weeks’ work. 
It was a first-class dress 
rehearsal for December 
test-ball launchings. 


Electronic tracking gear, being read 
ied to follow the U. S. satellite Van- 
guard when it is launched in the 
spring, was pressed into service unex- 
pectedly in October to track the Rus- 
sian Sputnik. U. S. satellite engineers 
were caught with their instruments 
down when Sputnik was launched. It 
was 24 hours before the first Minitrack 
station (see box) was on the air; 
almost 70 hours passed before enough 
data was gathered for the computing 
center to turn out an orbit calcula 
tion that was meaningful. 

During the hectic weekend that fol 
lowed the Russians’ historic launch- 
ing, engineers in the Tracking & 
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Russian Sputnik’s north-south orbit kept it out of Minitrack sight much of the time 


How They Tracked Sputnik I 


Guidance Branch of Project Vanguard 
at the Naval Research Laboratory re- 
vamped the Minitrack system to re- 
ceive Sputnik’s low frequency signals, 
set in operation the not-yet-com- 
pleted Minitrack world network. As 
Sputnik’s radio voice died at the end 
of the month, tired engineers agreed 
it had supplied a good “wet run”. 
Readying the system for a test-ball 
launching in December, engineers 
could now weigh the advantages and 
disadvantages of electronic tracking. 
¢ The Russian surprise—First word 
of the Russian launching came to 
Vanguard tracking-engineers in radio 
news reports or in hurried telephone 
calls. Most were stunned because they 
had spent that week talking satellite 
business with their Russian counter- 
parts at an IGY symposium in Wash- 
ington. None of the Soviet visitors 
hinted that a launching was near. 
First job of the Vanguard group 
was to revamp the 108-megacycle 
Minitrack station at Blossom Point, 
Md. (50 miles from NRL) to handle 
the 20- and 40-me signal that Sputnik 
was transmitting. Vanguard engineers 
said they knew the Russians would 
transmit signals in these bands (the 
Russians had made no secret of this 
plan, had published the fact in the 
June 1957 issue of the USSR maga- 


zine Radio). But because no formal 
instructions to track the Russian satel- 
lite had been issued, no U.S. gear was 
readied. 

Mark II equipment, a simplified 
modification of Minitrack designed so 
that amateur radio operators around 
the world could help track the Van- 
guard satellite, was the first equip- 
ment on the air at Blossom Point. 
The station antenna had to be 
changed from an eight-element array 
to a single dipole, a modification that 
could be made in a hurry. And be 
cause Mark II uses a commercial re 
ceiver, it picked up both the 20-mc 
and 40-me signals as soon as the new 
antenna was in place. ‘The strong 
Russian signal (between one-tenth and 
one watt) helped, too: engineers 
planned the antenna array to pick up 
the much weaker Vanguard (80-milli- 
watt) and test-ball (10-milliwatt) sig 
nals. Mark II gear at Blossom Point 
was receiving Sputnik within 24 hours 
of its launching. 

«More conversion—Next step was 
to modify the prime Minitrack equip- 
ment so that more precise tracking in 
formation could be obtained. ‘That 
meant designing new antennas, then 
building a mixer which would use a 
67.995-mc signal from a_ generator 
to convert the 40.005 signal to 108 





mc, the only wavelength usable in 
Minitrack receivers. 

Since the Minitrack system depends 
mn information from many stations to 
solve orbit calculations, NRL had 


to convert stations from Blossom 


Point all the way south to Santiago, 
Chile. To do this, they Teletyped in- 
structions on how to convert the prime 


Minitrack antennas and equipment, 
depending on station operators to 
make the changes. But the communi 
cation systems were not checked out; 
additional delays resulted. 

Seventy hours after the launching, 
the prime Minitrack station at Blos 
om Point was in operation: shortly 
afterward, data started coming in from 


* More confusion—While the engi 
neers and technicians at NRL were 
fighting a battle to get the electronic 
tracking system to work, the general 
public was on the receiving end of a 
welter of confusing reports on the 
journey of Sputnik. Reporters and 
radio commentators glibly introduced 
two new words—apogee (the point 
on the satellite’s orbit farthest from 
the earth’s surface) and perigee (the 
point on the orbit closest to the earth 

as they disbursed conflicting reports: 
“The satellite will last just a few 
more hours” “Sputnik will last 
two more years’, It’s apogee is 
only 137 miles’, “Its apogee is 613 
miles”... . “It is slowing down” 


WHAT’S NEW 


information was obtained from direc 
tion finders, radar, and whatever else 
was handy. Even after prime Mini 
track started tracking the Russian 
satellite and the Vanguard computing 
center in Washington began turning 
out daily predictions of where Sput- 
nik would be at anv hour, the con 
flicting reports continued 

¢ Explaining the conflict—At first, 
Minitrack was unable to help dimin 
ish the Sputnik. 
There were several reasons, some of 
which point out severe limitations to 
electronic tracking. First, the Mini- 
track stations were positioned around 
the world to track a satellite whose 
orbit would be primarily east-west (sec 


confusion about 


South American station, too. 


“It is speeding up”. 


Vhis first U.S. map, page 22 By following a 








Fig 
HOW MINITRACK WORKS 


I'he Minitrack system is an interferometer that 
uses radio waves instead of light waves. Basically, it 
employs two antennas, separated by a known bas« 
distance, to receive a radio signal transmitted from 
the satellite vehicle. By measuring how much out of 
phase are the signals received by each antenna, the 
station can determine the angle from the station to 
the satellite at its point of closest approach. Using 
in angle and time data from several stations, it 1s 
possible to calculate the orbit of a satellite vehicle 

l'odav there are two Minitrack systems in us¢ 
One is called “prime” Minitrack; it was developed 
first to supply relatively precise data, determining 
the angle with an accuracy to within 20 sec of arc 
he other is called Mark II Minitrack. It is a simpli 
fied, less precise, much less expensive radio inter 
ferometer. Accuracy of angle determination is within 
30 sec of arc. 

or ambiguity resolution, prime Minitrack actually 
uses eight antennas. Three pairs are lined up in a 
north-south direction, one pair is lined up east-west 
Figure 1). In actual operation, two angles are de- 
termined: one from the N-S antennas, and one from 
the E-W. Each station then determines a “‘line in 
space”, the intersection of two vertical cones for 
each pass of the satellite over the station. 

\s the satellite passes near a station, radio waves 
from the vehicle hit the Minitrack station in parallel 
rays (Figure 2). By determining the distance x, it 


is easy to calculate angle @ trigonometrically since 
cos @ B 

After they are received by the antennas, the two 
signals are put through a phase comparator. The 
resulting trace on a recorder looks like Figure 3. 

rhe three pairs of antennas permit the resolution 
of ambiguities by supplying three traces, one labeled 
coarse; One, medium; and one, fine. In this way, 
the distance x can be determined in terms of num 
bers of wavelengths; and since B is known in wave 
lengths too, angle @ can be calculated. Also of im 
portance is the time when the satellite was closest to 
the station. 

[he Minitrack system operates on 108 mc, the top 
of the fm band. This frequency was chosen to 
minimize ionospheric refraction that would intro 
duce errors. There are ten prime Minitrack stations 
in the world, seven of them positioned along a 
north-south fence ranging from Blossom Point, Md. 
(latitude 38 deg N) to Santiago, Chile (latitude 30 
deg S). With this fence, it is expected that each 
orbit of the satellite Vanguard will pass almost di- 
rectly over one of these stations. An eighth station is 
located at Antigua to obtain data on launching. The 
remaining stations are located at San Diego and in 
Australia. 

Mark II stations will be located throughout the 
world to assist in the gathering of position data. 
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ON THE SHELF! 


SINGLE SPIDER 
GEAR DIFFERENTIALS 


by FORD 
INSTRUMENT 


AVAILABLE IN FOUR SIZES: 


Ye”, %6", Ve", and 3%” Shaft Diameters 





NOTE! Prices of 1%” units 


have been drastically reduced. 











GUARANTEED 
SHIPMENT WITHIN: 


(WITHOUT END GEARS) TYPE 
1 WEEK for units with set shaft A 
lengths* 

3 WEEKS lengths to customer 
specs 
(WITH END GEARS) 


4 WEEKS for units with stock end C 
gears 
3 WEEKS for units with end gears D 
to customer specs 
(SUBJECT TO PRIOR SALE) 
*Note: 5,’ units are not stocked with set shaft lengths. 
Ford Instrument produces 
single spider gear differen- 
tials to highest military and 
commercial standards, for 
extreme accuracy in addi- 
tion and subtraction, and in 
servo loop applications. 
Seven ways superior. Call or wire W. Mohr, 
Component Sales Division (STillwel 


for units with shaft ‘7 


4-9000) for prices, or check and mail cou- 


pon below, stating quantity. 


Data bulletin 


with performance curves and characteristics 


will be sent with the prices. 


' 
Component Sales Division cE 


FORD INSTRUMENT 
COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
Please send me prices on the following: 
Circle size of unit desired: 

VY,” He” Yj,” He" 
Circle category for type of units needed: 
(Check two if both apply) 

A B Cc D 
| want —. (number) units: 


Name_ 





Position. 





Company. 





Street_ 
City 





Siac 
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Soldiers at Blossom 
Point Minitrack station 
Tun through instru- 
ment calibration pro- 
cedure in preparation 
for recording pass by 
Russian satellite. 


TRACKING SPUTNIK 


dominantly north-south orbit (CtE, 
Sept. 57, p. 52), Sputnik was out of 
accurate Minitrack sight a good por- 
tion of the time. Even rougher still 
was the aberration caused by iono- 
sphere soaeeag of the 20-me and 
40-me signals. Vanguard engineers es- 
timated that the errors in using +0 mc 
were eight times those predicted with 
the 108-mce signal; 32 times those with 
the 20-me signal. As a result, the 
Minitrack stations were able to get 
accurate data only when Sputnik 
passed directly over a station, an ex- 
ceedingly rare event. 

The high error resulting from the 
20-me signal gives weight to the 
belief that it was used strictly for 
propaganda purposes. Almost anyone 
with a short-wave receiver could pick 
up Sputnik’s beeps by hanging an 
electric wire out the window. It gave 
Minitrack no chance to show off its 
accuracy: angle determination within 
20 sec of are (depending on how close 
the satellite passed directly over the 
station). 

e What we learned—If the early 
days following the Sputnik launching 
were black for Vanguard engineers, 
some silver linings started to appear as 
| Oqttipment and systems designs proved 
themselves. By the second and third 
week of Sputnik travel, Minitrack was 
turning out as accurate information 
as could be expected with the refrac- 
tion errors in a 40-me signal (the 
20-me transmitter died three days 
after launching). They had accurately 
determined its period of travel around 


And 


correctly 


the earth—96 min. the comput- 
ing center was predicting 
where Sputnik would be 24 hours in 
advance. 

In addition, experience showed that 
the ambiguity resolution built into 
the Minitrack system was both neces- 
sary and adequate. Another theo- 
retical point proved out: antenna 
beam-widths were not overdone. As 
one NRL engineer said, “It turns out 
to be nice to narrow beam 
widths.” 

NRL 
hand from unexpected 
teurs operating Mark II s 
Universitv of Illinois 
gear around the clock and wired in 
data augmenting NRL’s sparse infor 
mation until prime Minit ick sta- 
tions could get on the air. 

e Data-handling problem—Another 
part of project Vanguard subjected 
to a dress rehearsal by the Russian 
satellite was the data-handling opera 
tion. When tracking Sputnik, the 
Minitrack stations ‘l'eletyped their 
data—angle and time—to a central 
control station set up at NRL. ‘The 
central control station was established 
to edit data from the stations and 
thus prevent untrained operators from 
sending erroneously processed infor 
mation to the computer. It’s expected 
that when the operators have been 
checked out thoroughly in station op- 
eration, they will be able to send the 
data direct to the computer center. 

After editing, the data from several 
stations was forwarded to the Van 


have 


engineers received a helping 
\ma 

tions at the 
sack to their 
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Leading pipe line companies are putting 
ElectroSyn Systems to work measuring and 
indicating operation pressures and flows 

and for digital telemetering. 

Featuring high reliability, low maintenance 
and flexibility of application, the ElectroSyn 
System can withstand a.static overload of 


300° of rated pressure for a 1% zero shift. 











Basic Null-Balance System for Pressure, Differential Pressure, Level 


| tran mitter mag- 


roportional to the measured 
Write for Brochure B257 


SERVICE 
PIPE LINE CO. 


TEXAS EASTERN 
TRANSMISSION CORP. 


GULF INTERSTATE GAS CO. 


SOUTHERN PACIFIC 
PIPE LINES, INC. 


EL PASO 
NATURAL 
GAS CO. 


wt 
baenaeer 
| CONTROLS | 


NORWOOD CONTROLS UNIT 


DETROIT CONTROLS 
Division of American-Stardard 
938 Washington Street, Norwood, Mass. 
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This Automatic Pulse Timer mounts in a 

standard 3'4” mounting. The initial usage Model K-165 

of the Automatic Pulse Timer was for a difficult instrumentation prob- 
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success- 
fully replaced a complex and unreliable method. 

The Automatic Pulse Timer incorporates an uni-directional Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second. 


In this application the combined accuracy of the fuel flow transmitter 


a 


and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate. 


DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc. 


7442 West Wilson Avenue * Chicago 31, Illinois 
@ WEST COAST FACILITY 11879 W. FLORENCE AVE CULVER CITY, CALIF 
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guard Computing Center in down 
town Washington, where the orbit 
was calculated point by point. ‘The 
computer even indicated where Sput 
nik would pass in twilight during the 
next 24 hours so that it could be 
photographed or seen visually. The 
computer orbit was then ‘Teletyped 
back to NRL, which passed it along 
to alert Minitrack stations around 
the world and to the visual tracking 
facilities at the Smithsoni-n Astro 
physical Observatory in Boston 

¢ Ready for Vanguard—It wasn’t un 
ti] Sputnik’s 40-mec radio voice was 
silenced, late in October, that NRI 
engineers could sit back, take stock 
of the frenetic month of October and 
plan for the test-ball launching sched 
uled for December. Items still to be 
accomplished 

> Continue checking out the prime 
Minitrack stations around the world 
and training their crews (a process 
aided by the wet run on Sputnik). 

> Continue setting up Mark II 
Minitrack stations around the world 
and training their operators. Addi 
tional stations will be located at such 
faraway spots as Ghana, Nigeria, and 
the Fiji Islands. (One of the dollar 
advantages of the Mark II station 
equipment costs from $3,000 to $10, 
000, compared to a prime Minitrack 
station of $150,000 to $1 million 

e The test ball—Instrumentation for 
the 6-in. test ball is ready for the an 
nounced December launching (which 
could be delaved by the lack of a 
second-stage rocket The content of 
the ball is simple: two transmitters 
that will send out a 10-milliwatt sig 
nal. One transmitter will be powered 
by a tinv mercury batterv with an 
expected life of two weeks, the other 
bv six silicon solar cells. ‘The second 
should operate as long as the satellite 
orbits within sight of the sun. 

NRL engineers expect to gct some 
telemetry information without th 
use of any telemetry equipment. Each 
of the transmitters has a temperature 
sensitive frequency-control crystal. By 
measuring the frequency of the trans 
mitted signal (it will varv about 3 k 
around the 108-mc wave length), en 
gineers will be able to determine the 
temperature of the satellite. A change 
in frequency resulting from the effect 
of the nose cone on the test ball’s four 
antennas will tell engineers when the 
nose conc has left the satellite 

Once the test ball i place 
uter-space orbit, the road wi] be 
ypen for launching the first of the 
U.S.’s four full-size satellites 

—Lewis H. Young 





























Typical speed regulation 
curves for the Types K 
and KL Variators. Type 
KL offers a linear speed 
regulating pattern, often 
an advantage in auto- 
matic control applica- 
tions. Output speed reg- 
ulation of the Type K 
Variator follows a geo- 
metric progression pat- 
tern. Starting at the min- 
imum output speed, each 
turn of the speed regulat- 
ing wheel produces a 
fixed percentage increase 


























CLEVELAND 
SPEED VARIATOR 


Accurately Provides 
Dependable, Infinitely 
Variable Speed Control 


ANNOUNCED late in 1954, the new Cleveland 
Speed Variator met instant, enthusiastic acceptance. 
Engineers and designers of i: dustrial equipment 
already have put thousands of units into use on 
such varied equipment as cigarette making ma- 
chines, textile machinery, metalworking machin- 
ery, pharmaceutical equipment, transfer tables, 
conveyors and experimental and testing equip- 
ment of many types. 


Infinitely variable, the Cleveland Speed Variator 
gives stepless speed over a full 9:1 range—from 
¥Y, to 3 times input speed. Output speed can be 
adjusted by either a hand wheel on the Variator or 
by manual or automatic remote control. 


The Cleveland Speed Variator offers these major ad- 
vantages: 


1. An extremely compact unit with input and output 
shafts in line and rotating in the same direction. 


2. Almost any input speed up to 1800 RPM can be 
used—either clockwise or counterclockwise rotation. 


3. Rated for constant horsepower output over a 9:1 or 
6:1 range; or for constant output torque over a 6:1 
range. 


in output shaft.speed. 4. Speeds infinitely variable over entire range of adjust- 


ment. 


5. No slippage—positive torque response mechanism 
adjusts in direct proportion to the loads encountered. 


The Cleveland Speed Variator XEN ‘ 
is available in 18 models rang- . °. we life and ee poolessnense due to absence 
ing from fractional to 16 HP at i of belts or complicated linkages 
1750 input RPM. Unit shown ve j 7 
Pope pth np ard ngonng -  L hagte Nesting a for overhung pulleys on both 
trol, bas speed regulating : , . input and output sha 

. fan - AN a - 
petted Fae Est } ’ Write for Bulletin K-200 for detailed description with 
shaft indicating mechanism photographs, sectional drawings, rating tables and 
modified to actuate limit . 5 specifications. 
switches to prevent overtravel. — 


THE CLEVELAND WORM AND GEAR COMPANY 


Speed Variator Division, 3260 East 80th Street, Cleveland 4, Ohio 
Sales Representatives in all major industrial markets « In Canada: Peacock Brothers Limited. 
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Newest strain-measuring equipment from Baldwin 


Foil gages shown above are enlarged to twice their actual size. 


NEW SR-4°* strain indicator and 
NEW SR-4 bonded foil strain gages 


Type N SR-4 Strain Indicator 


This new, improved strain indicator features printed circuits 
and transistors, weighs one-third less than the previous model 
and has a smaller case. No warmup is required. In inter- 
mittent service its batteries last up to five times as long and 
cost two-thirds less. The legs of the case are positioned to 
permit tilting for improved readability. For direct readings 
with full external bridge, no calibration correction is required. 
Used as a preamplifier with standard cathode ray oscilloscope, 
it gives visual indication of dynamic strain with better response 
and in a broader range than the previous model. Frequencies 
up to 300 cps at amplitudes up to 3500 microinches per in. 
can be observed without appreciable distortion. 


SR-4 Bonded Foil Strain Gages 


Two new types of foil gage in 4% in. gage length, 120 ohms 
resistance, now make many types of stress analysis possible 
with new accuracy and ease. A Bakelite-bonded gage, Type 


FAB-2, and a quick-drying paper-and-cement-bonded gage, 
Type FAP-2, have marked advantages over comparable 
standard bonded wire strain gages. ysteresis is now so low 
as to be negligible for stress analysis. Fatigue life of the paper 
gage matches that of comparable wire gages—that of the 
Bakelite gage is longer. Lateral strain sensitivity of both is 
down by one-half, offering new accuracy in measuring biaxial 
strains. The quick-drying paper gage is quick and easy to 
install. The Bakelite gage offers such attractive features as 
dependable service at 300°F or higher. It is thinner and more 
flexible than comparable bonded wire gages—requires no 
preforming for curved surfaces and is thus easier to apply. Its 
glass fiber filler makes it less sensitive to moisture effects. 


Both new foil gages have tinned lead wires, well anchored 
and easy to connect. Both gages are now stock items for 
prompt delivery. For more information on this or other 
Baldwin stress analysis equipment, write to Electronics & 
Instrumentation Division of B-L-H, Waltham, Mass. Or we 
will have a representative call on you at your request. 


BALDWIN :- LIMA: HAMILTON LD 


Electronics & Instrumentation Division 
Waltham, Mass. 


SR-4® strain gages * Transducers 


we 


e Testing machines 
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Tomorrows Instrument 


rhe photos above portend a revolu- 
tion in aircraft cockpit instrumenta- 
tion. They show a new instrument- 
the Contact Analog—designed to give 
the pilot an all-weather view, equiva- 
lent to what he might see looking out 
the cockpit window. This cathode-ray 
tube display is one of the first pieces 
of hardware unveiled in the Army- 
Navy program to develop a simplified 
cockpit (CtE, Oct. 1957, p. 38). 

Using a classified instrumentation 
symposium held in Los Angeles in 
October as a background, the Navy re 
leased a good description of how the 
new device would work. The analog 
is a two<limensional picture presented 
on a flat transparent cathode-ray tube. 
Signals for the display are provided by 
a specially designed airborne computer 
which receives and processes imput 
data from nearly 20 different sensors. 
The computer output is first relayed 


to a display generator (designed by 
Du Mont Laboratories, Inc.), which 
can convert the output to a form that 
can be projected on the T’V-like tube. 

What is displaved is the picture the 
pilot would see if he looked through 
the aircraft window and observed a set 
of coordinate grid lines of uniform 
spacing on a plane earth. ‘The result- 
ing pattern presents the aircraft posi- 
tion with respect to earth and sky in 
the same way as the pilot sees it under 
actual sight contact. Moving in a 
coordinated manner -with the move 
ment of the aircraft, the display pro 
vides the pilot with a continuing pic 
ture of his situation. 

Heart of the new display system is 
the analog computer, designed by Lit 
ton Industries. Although it occupies 
only 0.6 cu ft of space and weighs less 
than 40 lb, the computer has the 
equivalent computing capacity of two 


new instrument paneis 


compared in this two 


Navy _ trainer 


simplicity of new dial-free 
n. Pictures at left show 


pilot sees on flat cathode 


iv tube: when piane is level 


ind when plane banks (near 


Panel 


or three hundred analog amplifiers, 
can handle 30 inputs and outputs, and 
its magnetic drum can store 100,000 
bits of information on a 2 
surface. 

At the present stage of develop 
ment, the computer performs all ait 
data and navigational computations. 
As yet, it does not perform calcula 
tions for fire control or flight control. 
But Litton is at work developing an 
advanced design that will include capa 
bilities for handling Doppler and in 
ertial navigation calculations 
e For the future—The optimum cock- 
pit mocked up for the October sym- 
posium is still at least five years away. 
How soon it is incorporated into pro 
duction aircraft depends to 
some extent on how well the concepts 
are sold to military (and naval) air- 
men. But engineers at both Douglas 

;' £ 
Aircraft and Bell Helicopter (who are 


5 sq in 


go 
design 
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Closeup 


3¢ a-c stands for analog computer 


The Donner a-c*, 
acomplete linear 
computer. Digital 
voltmeters, scopes, 
and non-linear 
equipment may be 
mounted above 
the console and/or 
at one side in 
modular racks. 


$16,650’ 


buys the new DONNER a-c* console 


WITH 
e 30 Chopper Stabilized Amplifiers 
e 40 Coefficient Potentiometers 


© 0.1% Temperature Controlled 
Computing Components 


/ 
e Latching Overload Lights // 
/ 
/ 
/ 
St Designed as a standard production item, the 

Donner a-c* combines quality and flexibility with modest cost. 
For instance, characteristics of the Donner 3101 chopper stabi- 
lized operational amplifier, heart of any analog computer, are 
de gain 5x10’; unily integrator drift 100 millivolts in 15 min- 
utes; phase shift 0.2° at 1000 cps. The reference supply carries 
a stability of =0.1% over a 60 day interval. 
Formed from molded diallyl phthalate, the removable AMP 
problem board serves 30 amplifiers, 40 potentiometers, com- 
plementary nonlinear equipment, and 70 trunk lines. 
Starting with as few as 10 amplifiers and 20 potentiometers, 
the user can build up a full console as his needs and pocket- 
book dictate. For further expansion, consoles may be slaved 
together and operated from one master computer. 


Data file 310 detailing the Donner a-c* is yours 
for the asking. Please address Dept. 0812 


DONNER comeans: 


Phone MUlberry 2-6161 * Cable “Donner” 


CONCORD, CALIFORNIA 
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Visitors crowd around Navy mockup of 
optimum cockpit. Triangular vertical screen 
is contact analog. Horizontal table con 
tains proposed advanced navigation aid 


coordinating the program) are pushing 
ahead at full steam. One project is 
the advanced development of a hori- 
zontal navigational map display to go 
along with the contact analog. Pres- 
ently this gives the pilot only a rough 
idea of his navigation situation. Cur 
rent work is aimed at refining this, so 
the pilot knows exactly where he is. 

The fixed wing portion of the pro 
gram is currently running ahead of 
the rotary wing phase. For one rea 
son. the Armv was a late entry into 
the program. But just as important, 
the problems of a helicopter cockpit 
ire more complicated than those in 
fixed-wing aircraft. One reason: the 
greater number of degrees of freedom 
charactcristic of rotary-wing aircraft. 

The instrumentation symposium 
was designed to brief industry on the 
progress of the cockpit instrumenta 
tion program, which has been unde 
wav for four vears. As an outgrowth of 
the discussions, the N iV\ turned OVCI 
all its recently declassified studies to 
the commercial airline industry. 


—Michael J. Murphy 


Litton computer that feeds contact analog 
weighs less than 40 Ib 






















are specified for 








‘Getter’ mico effec- 
tively shields elements 
against ‘getter’ de- 
posit; reduces inter- 
electrode leakage 


Coated “cage” mi- 
cas minimize ~inter- 
electrode leakage 





Special alloy cathode 
material; minimizes 
“cathode interface’ 
and interelectrode leak- 


age; increases mechani- 
cal strength. 


ee me 
er provides long life 
under conditions of 
frequent ‘‘on-of f’’ 
switching 


COMPUTER DESIGNS 


Long-life reliability ...the result of selected materials, rigid quality 
controls, and exacting inspection and test procedures...makes RCA tubes 
the right choice for electron computer designs. Materials are selected and 
processed to assure low gas-evolution and to provide relative freedom from 
“cathodeinterface’”’. Quality Control extends from purity-control of manu- 


facturing areas, through careful selection and training of personnel, to 
100°. microscopie inspection of tube structures at more than a half- 


hundred check points. Sample Testing of tubes from each production run 
makes certain that no tubes are released for shipment until long-life test 
data are complete for the “lot”. Super-Sensitive tests for high resistance 
shorts, 100-hour survival-rate life tests and 5000-hour life tests on a con- 
tinuous sampling basis weed out potential early-hour failures and provide 
a “quality monitor” to assure long-life reliability. 


(Fe ; RADIO CORPORATION OF AMERICA 


® Electron Tube Division 


Harrison, N. J. 


RCA tubes for computers are ideally suited 
to applications as gated amplifiers, fre- 
quency-dividers,- pulse amplifiers, cathode 
followers, “on-off” switching. Illustrated 
aboverare medium-mu twin triodes: 5963, 
5964, 5965,-621T1, 6350; pentagrid ampli- 
fier: 5915; power pentode: 6197; twin di- 
ode: 6887. 


SEND FOR NEW BOOKLET RIT-104A— 
“Receiving-Type Tubes for Industry and 
Communications.” Includes descriptions 
and basic data on RCA Computer and 
other special tube types. Designers of 
computer-equipment are invited to-discuss 
tube requirements with their RCA Field 
Representative at the nearest RCA Field 
Office. For your copy, write RCA Commer- 
cial Engineering, Section L-56-Q, Harrison, 
New Jersey 


RCA FIELD OFFICES 
744 Broad Street, Newark 2, N.J., 
HUmboldt 5-3900 
Suite 1181, Merchandise Mart Plaza, 
Chicago 54, Ill., WHitehall4-2900 
6355 E. Washington Boulevard, 
Los Angeles 22, Calif., RAymond 3-8361 








No waveform 
distortion 





from G-E Inductrol* 
Voltage Regulators 


Unlike many other types of voltage reg- 
ulators, General Electric Inductrols intro- 
duce no waveform distortion. 


Featuring drift-free controls, Inductrols 
maintain the a-c or d-c voltage powering 
electronic circuits within + 1%; are small 
and light. 


They have long life and require little 
maintenance because they use no brushes! 
For more information, write Section 425-6, 
General Electric Co., Schenectady 5, 
N. Y., or contact your G-E sales office 
or agent. 

*General Electric Trade Mark for Induction 


Voltage Regulators. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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EUROPEAN REPORT 


Plant tour to research tin 
plating line operated by 
British Iron & Steel Research 
Association, and 


. . . technical presentations by 
outstanding control engineers 
here Cambridge University’s 
]. F. Coales chairs a dinner 
session) highlighted SIT con 
ference at Swansea on . . 


Lab vs. On-Line Analyzers 


In Britain, there’s no greater expon- 
ent of industrial instrumentation than 
the young (founded in 1946) and vig- 
orous Society of Instrument ‘Technol- 
ogy. In September, 100 vocal mem- 
bers of SIT representing British proc- 
ess industries attended the society’s 
third conference—this one on auto- 
matic measurement of quality in proc- 
ess plants. After three days of techni- 
cal discussions, the group concluded 
that it takes more than mechanization 
of existing laboratory equipment to 
provide satisfactory automatic on- 
stream measurements. 

Held at the University College of 


Swansea, South Wales, the first day of 
the formal meeting opened at high 
pressure: 13 papers on the adaptation 
of laboratory techniques to plant meas 
urement and on gas stream analysis 
and measurement of mechanical prop 
erties. ‘There were plant tours in the 
ifternoon. 

In this first session, automatic dis- 
tillation, titration, and colorimetric 
analysis were highlighted with L. D 
Livingston and J. M. Pickering of 
Shell Refining Co., Ltd. claiming that 
the pay-off period of their Automatic 
Standard Distillation equipment was 
less than three weeks. ‘This equipment 





We 
.Y \ over 


\) ‘ 
i ™ impulses per second 


Response time is less than 20 microseconds allowing for instantaneous 
control. Replacement problem virtually eliminated due to permanent Applications 


rap iff sim teaieeitinns: 
life-time diffused p-n junction © Punched Tape and Card Readouts 
Compact size results in a greater number of control circuits for a given 


; : beg cee ® Infrared Sensor Devices 
area, at less cost. These self-generating (Photo-Voltaic) ‘‘cells’’ elimi- ‘ ine Tool P R 
nate the need for external power supplies and provide maximum Machine Tool Programming Controls 
reliability and efficiency under severe temperature variations (from * Automatic Counting Devices 
65°C to + 175°C and higher). e Pinhole" Detectors 
Our extensive laboratories and design facilities are available to aid you © Remote Switching Controls 
in the solution of your control problems. Write us for further information. ® Conveyor Line Control 


*(Per R.C.A. Laboratories, Princeton, ® “Hot-metal’’ Detector 
New Jersey Report No. 212-PH-55-91 


(1114), April 15, 1957) * “Loop”’ Control 
® Smoke and Flame Detector Devices 


[foffman @) Electronics * Photerelecric Control Applications 


SEMICONDUCTOR DIVISION = 930 Pitner Avenue + Evanston, Illinois + UNiversity 9-9850 


America’s Foremost Designers and Manufacturers of Silicon Semiconductor Products 
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08 Synchros join 


Be 


the Muirhead 


ACTUAL SIZE 


SYNCHROS 


Types 26VO8CX4(B), 26V08CT4(B) 


DATA, DELIVERY AND PRICES ON REQUEST 
FROM ‘MUIRHEAD THE SYNCHRO PEOPLE’ 


MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO - 
MUIRHEAD & CO. LIMITED - BECKENHAM ~: KENT - 


CONTROL ENGINEERING 








WHAT’S NEW 


... the problem is how to get 
a truly representative sample 
for measuring .. . 


is a simplified version (capable of 
meeting 1P, ASTM, STPC standards) 
of the Shell Development Co. work at 
Emeryville, Calif. Using constant heat 
input to the distillation flask at a 
value related to the expected initial 
and final boiling points, the time per 
tesi is reduced by one-third. 

© Kelays for reliability—D. A. Patient 
of Baird & Tatlock, in a paper de- 
scribing absorption and titration in- 
struments, pointed to the trend 
towards the use of relays and unise- 
lectors as the sequence control units 
for increased reliability. Using these 
techniques in a colorimetric analysis 
for the determination of uranium in 
aqueous solutions, samples can be 
taken automatically from 16 sources, 
reagents added and color density com- 
pared with a standard, and the con- 
centration recorded, each sample tak- 
ing inside of 24 min. Both the Shell 
and the B&T papers showed the trend 
in the U. K. to automatic instrumen- 
tation where frequency of analysis, 
complexity of operation, or staff short- 
age warranted it. 

The sampling question prompted 

much discussion. Comments from 
users showed that it was not the meas- 
uring techniques that were the prob- 
lems but the question of getting a 
truly representative sample. In fact, 
so much interest was aroused that a 
proposal by A. J. Young (Control 
Personality, page 19) that SIT should 
set up a panel of users and manu- 
facturers to produce standard sam- 
pling systems for various applications 
was enthusiastically supported. The 
spark that triggered this was the 
paper by R. S. Medlock of George 
Kent, Ltd. on gas sampling, which 
described such recent developments 
as a streamline sampiing head, a com- 
bined steam injector and sampling de- 
vice, and the Cooke self-heating sam- 
pling tube. 
e Measuring viscosity—Viscosity meas- 
urement was the theme of the third 
session. J. F. Hills of Shell Refining, 
in his paper on refinery experience 
with continuous recording viscom- 
eters, pointed out the limitations in 
three equipments: Shell Develop- 
ment, Hallikainen, Dobbie McInnes’ 
Poisemeter, and the Elliot-Bendix’s 
Viscoson. 

Although construction and main- 
tenance of the Hallikainen are simple, 





POCO GMO IS iE CIAL! 


Special group! With its own coil-winding, machining and assembly facilities. 

Its own sales, engineering, purchasing, inspection and shipping activities. Its own everything 
-hbut red tape. Special orders! Potentiometers, in prototype quantities, with these 

special modifications: resistance values, tolerances, linearities, taps, shafts, lids, bushings, ganged 
assemblies, torque, bearings and rotation.Take your pick. Special Delivery! In 10 days 
or less. Special price? No! Not one cent extra! For your non-standard prototype pots, 


go fast, go first-class, g2 Poco Tiempo! Ask for it by name. 


Beckm a n Helipot Corporation, Newport Beach, California 
Hel i pot a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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DELAY LINES 


standard or specially designed 


BY TECHNITROL 


These extra-compact delay lines assure a minimum 
of pulse distortion with maximum stability under 
ambient temperatures... and in a minimum of space. 
They can be had pencil-thin in plug-in, pig tail or 
fuse-clip mounting. Available cased or dip-coated in 
epoxy resin as well as hermetically-sealed units for 
military application . . . with any desired characteris- 
tics of impedance or frequency response. Typical are: 


@ Delay: 0.01 to 6ys 


e Characteristic Impedance: 
400 to 5600 ohms 


e Band Pass Characteristics: 
Unique windings furnish 
maximum band width for 
given delay per inch, 


We are prepared to design lumped constant or 
distributed constant delay lines for your par- 
ticular circuit applications. 











Vides 
Z 


Write today 
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— ] ECHNITROL 


L7H 1952°E. Allegheny Ave., Phila. 34, Pa 
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the need to stabilize mains (line) fre 
quency and to remove solid particles 
from the stream restricts its use, ac- 
cording to Shell, to clean streams. In 
the Dobbie McInnes system, while no 
difficulty is experienced with block- 
ages, ambient temperature changes 
and adjustment of the frequency com- 
parator circuits limit its accuracy. Al 
though tests were not complete on the 
Viscoson system, said Hills, it is felt 
maintenance requirements may be 
high due to electronic complexity and 
the need for continual cleaning of the 
probe. 

The feeling that continuous record- 
ing viscometers still have a long way 
to go to achieve required stability and 
accuracy was echoed by J. O. C. Vick 
of ICI Plastics Div., who told how a 
special instrument for alkyd resins, us 
ing the capillary pressure drop system, 
had to be developed. A unique feature 
of the equipment is the change-over 
method of capillary tubes. As only two 
sizes are used, the two stainless steel 
tubes are arranged so that the smaller 
one just slides into the bore of the 
larger one. When the larger one is re- 
quired, an air cylinder withdraws the 
small tube, and its return within the 
larger cleans the latter’s inner surface. 
Accuracy of the whole equipment, 
which includes a flushing svstem, is 
plus or minus 3 percent. 

In the closing session S. W. J. 
Wallis of B. P. Trading, Ltd., con- 
tributing to the discussion on engi- 
neering design, raised an important 
point. Users, he said, will be inter- 
ested in on-line instrumentation if it 
meets their requirements—continuous 
operation, simplicity in design, presen- 
tation of results suitable for easy in- 
terpretation, and attention to safety 
regulations. Therefore, he urged Brit- 
ish manufacturers to undertake real 
market surveys before citing high de- 
velopment costs and small markets as 
an excuse for shelving such projects. 

e Operating experience—Papers on op- 
erating experience and future tech- 
niques were featured in the remainder 
of the session, with D. S. Lees and 
D. E. Chalkley of ICI describing use 
of mass spectrometers for determina- 
tion of parts per million hydrogen, 
nitrogen, and methane in pure argon. 
Extensive redesign for plant use of 
a standard Méetropolitan-Vickers 
equipment, upping the price by ap- 
proximately 50 percent, introduced an 
extra collector of hydrogen ions to 
avoid excessive accelerating voltages, 
argon sensitivity monitoring, and auto- 
matic switching. ICI claimed a re- 
liability of 90 percent for this auto- 
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CEC’s NEW 


fastest 


. 


PROCESS MOISTURE MONITOR 


Response in seconds rather than hours, re- 
mote indication and control, and an exclu- 
sive design of the electrolysis cell guaran- 
tees top performance from CEC’s 26-310 
Process Moisture Monitor. Measurements 
are accurate down to one part per million. 
With a step-function change in sample con- 
centration, the 26-310 will give approxi- 
mately 63% response in 30 seconds, 95% 
response in one minute. The 26-310 is 
equipped with an accurate flow regulator 
and thermostatic temperature control. A 
five-step attenuator gives precise readings 
over the full-scale ranges of 10 to 1000 
parts per million. 

The all-weather Analyzer is explosion- 
proof for Class I, Group D, Division 1 haz- 


Consolidated Electrodynamics 


ardous locations. The Control unit is de- 
signed for control-room installation with a 
standard recorder. Contact your nearby 
CEC field office, or write for Bulletin CEC 
1845-X3. 


APPLICATIONS 
Monitoring moisture content of instrument air streams. 


Recording moisture level of feed stream to a low-temperature 
distillation unit. 


Measuring water-vapor content of feed stream to a 
polymerization unit. 


Monitoring water content in natural-gas transmission lines 


Monitoring dehydrating towers in gasoline plants for 
automatic regeneration. 


Measuring water-vapor content of stored petroleum gas 


Monitoring the effectiveness of air-dryers in a process plant 


icec} 300 North Sierra Madre Villa, Pasadena, California 


Offices in principal cities throughout the world. 
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From 
TRANSMITTER. 
to 
RECHIVER GAUGE 





unequalled 


sensitivity-dependa 
There’s never a question as to the 
accuracy of temperature or pressure readings 
when transmitted by USG Pneumatic Transmitters. 
And for accurate reception of signals from 
remote points, there’s nothing to match the 
sensitivity of the new USG Receiver Gauge. 
Consider these features: 


USG PNEUMATIC TRANSMITTERS 
e Sensitivity— Within 0.1% of full scale. 
¢ Accuracy—1% (indicating) or 144% (non-indicating) 
e Designed to operate at remote points 
for long periods without attention. 
High sensitivity, linearity and freedom from 
dead spot assure the ultimate in control stability, 


USG PNEUMATIC RECEIVER GAUGES 
@ Sensitivity— Within 1/10 of 1% of full scale. 
e Accuracy—+ 4 of 1% of full scale. 
e@ Diaphragms made of Ni-Span “C”’, a 
special high nickel alloy with a 
minimum thermal shift, even under 
wide variations in ambient temperature. 
e Available in 314", 415", 6” and 815” 
sizes. 
e Also available are 2’’, 214" and 314” 
Bourdon tube actuated type 
receiver gauges. 
USG Transmitters and Receiver 
Gauges are part of USG’s line of 
creatively engineered process 
control instruments. The line 
includes gauges, pressure and 
temperature pilots, recorders and 
controllers. Write for catalogs. 


—~"“—~ 
Find Your 
Neorest Distributor | 
in The 
Yellow Pages’ 


> —J} 
lyrares GAUGE 


es DS Division of American Machine and Metals, Inc. 


Sellersville, Pa. 
Hom f SUPERGAUGE 


MORE THAN 50,000 TYPES OF GAUGES » SUPERGAUGES e SOLIDFRONT GAUGES « RECEIVERGAUGES « TEST 
GAUGES « RECORDERS ¢ CONTROLLERS + TRANSMITTERS « PSYCHROMETERS ¢ AVIATION INSTRUMENTS 
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matic equipment, which has been on 
stream for 22 months. 

The paper by D. Henry, also of ICI, 
on gas chromatography for percentage 
ethane in ethylene, pointed out the 
difficulties of arriving at a plant instru- 
ment capable of giving interpretative 
results for the process worker. Henry 
estimated a cost differential of some 
$4,000-$6,000 between the simple 
laboratory setup and an accurate chro- 
matographic plant recorder and con- 
troller. Three factors contribute to 
this: the need for heating and refrig- 
eration to maintain stable column 
temperature under plant conditions; 
the provision of electronic peak se- 
lection to give interpretative results; 
and the difficulty of providing suit- 
able sampling valves for very small 
liquid samples. 

As the meeting drew to a close, the 
process industry engineers were ready 
to admit that the users of automatic 
quality analysis were in for a lot of 
headaches before reliable and _ eco- 
nomic on-stream equipment is a 
reality in Britain. 

—Derek Barlow 


Don Eckman in Wales 


The distinguished gwrywod study- 
ing a Welsh stamp machine is Don 
Eckman. Case Institute’s professor of 
chemical engineering and exponent of 
computing-control. ‘Temporarily work- 
ing with Royal Dutch Shell in Hol- 
land, Eckman visited Wales to attend 
the SIT conference which he opened 
with an informal talk. His subject: 
two processing areas being considered 
for computing-control—systems that 
are too complex for the operator to 
optimize, and systems whose over- 
simplicity makes the operators’ work 
drudgery. Outlining his work on com- 
puting-control of the hydrogenation 
process for cottonseed oil (CtE, Sept., 
p. 197) Eckman maintained the dis- 
tinguishing feature between process 
control and automatic control was 
the inclusion of economic factors, such 
as cost of production equations for 
the process in terms of the manipu- 
lated variables. 





New from Clevite! 


sILicaN 
HES 


These latest additions to Clevite’s complete line 
of computer and general-purpose diodes offer 


you the advantages of: 


ULTRA FAST RECOVERY TIME... (JAN-256) 
(Typical: from +5.0 ma to —40v 
... 400K in 0.3us) 


HIGH FORWARD CONDUCTANCE 
(Typical: 50 ma at 1.5v) 


EXTREMELY LOW REVERSE CURRENT 


FREEDOM FROM THERMAL RUNAWAY 
at high voltage and up to 150°C 


RUGGED, HERMETICALLY SEALED GLASS PACKAGE 


For complete information, 


OTHER CLEVITE DIVISIONS: write or phone: 


Brush Instruments : SS & 4g ink Tl ~ ef A 
Clevite Ltd. : . ke | = 

<. é 

Clevite Ordnance as. _ " a 


Fuane Satenen TRANSISTOR PRODUCTS 


Cleveland Graphite Bronze Co, , 
Clevite Harris Products, Inc. 
Clevite Electronic Components 
Clevite Research Center 
Intermetall G.m.b.H. 


241 Crescent St., Waltham 54, Mass. 
TWinbrook 4-9330 


A Division of 
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He goes down to the sea in ships, 
does business in great waters. 

But no longer is the Navy con- 
fined to the sea’s surface. It plumbs 
the depths, ranges through the skies, 
penetrates outer space. Its labora- 
tories, even a thousand miles inland, 
are nautical battle stations. 

Research by the Navy, and by 
the industries which serve it, antici- 
pates tomorrow’s needs. Among the 
industrial leaders contributing to 


Hertner Electric * Kearfott © Librascope « Link Aviation * Pleasantville Instrument © Precision Technology * Shand and Jurs * Simple 


s —— P ~ ; : ' 
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that research and translating Navy 
needs into production realities, are 
eight companies of the GPE Group. 

Typical of the significant con- 
tributions by GPE companies are 
Librascope’s computers and anti- 
submarine devices . . . GPL’s auto- 
matic bombing and self-contained 
navigation system for the Martin 
Seamaster . . . Griscom-Russell dis- 
tillation equipment on every class of 
ship including nuclear powered 


GENERAL PRECISION EQUIPMENT 





” Sentinel in Navy Blue 


craft. An indication of Askania’s, 
Kearfott’s and Link Aviation’s in- 
volvement is given in the adjoining 
column. 

Many GPE Group products 
serve vital defense needs today. The 
scientific advances they embody will 
one day benefit everyone. 
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PRINCIPAL PRODUCING COMPANIES ¢ Askania Regulator * GPL «© Graflex * Griscom Russell 


x Equipment © Strong Electric 
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PANS . 

“Portrait of The Future” is the well- 
chosen motto of this submarine. States U.S. 
Naval Institute Proceedings: ““The Albacore 
will long be remembered as the pioneer de- 
sign for flying under water.” Albacore’s revo- 
lutionary piloting technique was conceived 
and produced by Askania, a GPE company. 


Link Aviation provides still another 
glimpse into the future with its F-11-F Flight 
Simulator in which pilots of the supersonic 
Tiger pre-experience flight conditions and 
maneuvers, “log” priceless familiarization 
time. Also “shipping out” with the Navy Air 
Arm is Kearfott, providing 400-cycle compo- 
nents for both planes and guided missiles 


The coordinated resources of the 
companies of the GPE Group, so effec- 
tive in anticipating and meeting the 
needs of the Navy, serve with equal effec- 
tiveness other fields such as: 

Automatic Controls and Instrumentation 
Aviation 
Chemical and Petroleum 

Marine 

Motion Picture and Television 

Paper, Printing and Textile 

Power Generation and Conversion 
Steel. Mining, Transportation 


For brochure describing 

the work of The GPE 

Group, write to: GENERAL 1 
PRECISION EQUIPMENT CORPORATION, 
92 Gold Street, New York 38, New York. 
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Vacuum chamber at Litton 
Industries simulates alti 
tudes up to 95 miles while 
m engineer inside the 
chamber adjusts and checks 
instruments. It takes three 
men to run the chamber 
one monitors vacuum cor 
another watches 
onditions of the space suit 


ditions, 
worn by engineer in the 
tank and a third is a med 
ical doctor who observes 
physiological reactions of 
the man inside the room 


Inside the chamber, an engineer clad in 
1 space-suit makes adjustments on instru- 
ments during the test. Pressure in the suit 
is maintained at 5 psi, equivalent to an 
environment of 27,000 ft 


Close up of 


vigil on man in noting 
life-and-death varia su oxygen in 
take, rate of carbon diox moval and 


pressure of suit 


Inhabited Vacuum Chamber 


To study the behavior of airborne 
instrumentation under high-altitude, 
low-density conditions, instrument en- 
gineers at Litton Industries are trans- 
ported to altitudes as high as 95 miles 
(528,000 ft) without leaving the 
ground. ‘This trip to outer space takes 
place in an 8-ft in diameter vacuum 
chamber just disclosed. 

Although testing under these con- 
ditions is not new, the placement of 
an engineer in the vacuum chamber 
during the test is a radical innovation, 
says Litton President Charles B. 
Thornton. Big advantage of the in- 
habited chamber: an engineer can 
make adjustments in the instrumenta- 
tion or change the setup while the test 
is in progress. This reduces time lost 


waiting for the chamber to decom- 
press so that a man can enter. 

Built at a cost of $600,000, the in 
habited vacuum lab will aid studies in 
these areas: the working of lubricants 
in ionospheric environments; the oper- 
ation of gears, sliding contacts and 
other devices when established con- 
cepts of friction are altered by the lack 
of an air-layer between the contact 
surfaces; the absorption and reflection 
of radiant heat in the absence of sur 
rounding air. One other field that Lit 
ton will explore with the new chamber 
is the development of new electronic 
vacuum tubes 

Building of the laboratory was spon- 
sored by the Air Force Office of Scien- 
tific Research. 
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BIG-POT PERFORMANCE in 
Vy Miniature-pot size 


ROTARY 
TRIMMER POTENTIOMETERS 


are built, tested and certified* to rigid military environmental speci- 
fications and are available in many variations: ganged, tapped, with 
various electrical and mechanical angles, locking shafts, anti-rotation 
pins, “O” rings, custom shafts, and with the new Waters concentric 
shaft construction that provides two pots on a single mounting, with 
two separate controls. *Complete data on request. NOW! A cometiis dhaeta tere?pet Sen 


CHECK THESE SPECIFICATIONS "0" flees 


| _Resistance | Standard | Case Dia. Standard Shaft 
_Model__—|_Range (ohms) _| _linearity+ | (inches) | Dia. (inches) 
AP ¥, Ya to 250 K 5%t | A Ye 
RT/RTS % Y, to 250 K 3% % Ye-RTS V% 
AP 1% Ya to 350 K 2% 1% Y, 
AP 1% V2 to 350 K 2% 1% VA 
AP 1% | __% to 500 K 1% | ee ee 
tFor best possible linearity, submit detailed specifications $2% over 50K 
Bushing-mount standard. Servo and 3 hole Standard resistances — all series: 50, 100, 200, 
mounting available. 500, 1K, 2K, 5K, 10K, 20K and 25K. 40K and 
Bushing for Ye” dia. shaft is 4-32 by 4” long. 50K also on RT/RTS %/; 40K, 50K, and 100K 
Bushing for 4” dia. sheft is 4-32 by 4” long. on AP 16, AP 1¥%e, and AP 1% series. 
The most compact half-inch pot on the market. 
A dependable micro-miniature trimmer pot available with 
axial or radial terminals, in ganged units TYPE 
or in a special printed-circuit model. pe 1/2 
An efficient, accurate, miniature trimmer pot . 
for military and commercial installations 
that demand the most dependable components. 
Available. with bushing or servo mount, or 
with concentric-shaft construction. 











TYPE 


at 7/8 





A new addition to the Waters line, 
providing a reliable precision unit 
in the AIA nominal one-inch size. 
Available with bushing or servo mount. 
Non-linear design possible. PE 


| AP 1-1/16 
An old standby — providing higher 


resistance, better resolution and linearity 
but in miniature size. Available with bushing or 
servo mount, and with 
concentric shaft construction. TYPE 


AP ifs 


Provides big-pot precision and 
reliability in a standard size unit by 
application of Waters miniature-pot design 

and assembly techniques. Ideal for 
non-linear applications. 





TYPE 
Write for catalog of the Waters AP 1-5/8 


complete single-turn pot line; precision, 
trimmer, low-torque, miniature. 


APPLICATION ENGINEERING OFFICES 
IN PRINCIPAL CITIES 


MANUFACTURING, inc Wayland, Massachusetts 
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What Variables 


. .. control engineers meas- 
ure are reported in a special 
Control Engineering survey. 
Increased use of radioactiv- 
ity, ultraviolet, and NMR. 


Control engineers most frequently 
measure temperature, pressure, flow 
rate, and position in the systems that 
control processes, reports a survey pre- 
pared by Contror E:NcINEERING’s Re 
search Dept. The four well-established 
variables by far outdistanced, in fre- 
quency of use, 38 others also listed 
by the 360 engineers who answered a 
specially prepared questionnaire. And 
continued heavy reliance on these 
variables is indicated for the future. 

The survey offers a snapshot of the 
measurement field today. It reports 
what percentage of engineers uses 
what variables, how each is used—in 
indicating-recording applications or 
for control—and with what frequency. 

From the tabulated replies, the var 
iables measured by control engineers 
fit into two major categories: 1) “en- 
vironmental” variables, and 2) com- 
position (measured by analytical 
methods). Heaviest use is made of 
the environmental variables, the study 
shows; but interest in the newer 
analytical techniques is mushrooming. 
Based on numbers of engineers who 
use the variables, the following are 
the leaders: 


ENVIRONMENTAL VARIABLES 


Variable Percent who use it 





os 


temperature // 
pressure 67 
flow rate 54 
position 52 
velocity 44 
torque 38 
vibration 34 
light 34 
liquid level 34 





ANALYTICAL VARIABLES 


Variable Percent who use it 





moisture 30 
infrared 14 
colorimetry 13 
radioactivity 14 
chromatography 8 





(Note: percentages add up to more 
than 100 because most engineers 
measure more than one variable) 


For the future, analytical instru- 
mentation appears to have the biggest 











MODEL 120-F 


PEGASUS ANNOUNCES THE MODEL 


120-F and 140-C SERVO VALVES 
FOR INDUSTRIAL APPLICATION 


The new Model 120-F and Model 
140-C Servo Vaives utilize a simplified SPECIFICATIONS 


force motor and valve spool boost 
system which requires very low input 
power yet provides extremely high 
valve spool stiffness. 


MODEL 120-F MODEL 140-C 


Size: 1% x 2% x 4% 1%4x3% x 5% 
Tits. Mah. spect stlffean, os well ae Operating Pressure: 200 to 3000 psi 200 to 3000 psi 
the balanced hydraulic design, insures Rated Flow: 5 g.p.m. 10 g.p.m. 
fine sensitivity and low null shifts over 
large ranges of operating pressure, 
temperature, and oil cleanliness. The Differential Current: 10 to 40 m.a. 10 to 40 m.a. 


valves need only 10 micron filtration il Resi : 000 000 
and no dither for the specifications Coil Resistance: q ohms | ohms 


listed. Dead Band: 1% 1% 


Because of the basic simplicity of the Hysteresis: 2% 2% 
units, substantial price reductions have Null Shift: 1% 1% 
been made possible. We will be 
pleased to forward detail specifica- 45” Phase at: 90 c.p.s. 60 c.p.s. 
tions and prices upon application. 90° Phase at: 120 c.p.s. 90 c.p.s. 


:\ PEGASUS LABORATORIES, INC. 


Leakage: .1 g.p.m. .2 g.p.m. 





PS 





DESIGNERS AND MANUFACTURERS OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


, 3690 W. ELEVEN MILE ROAD ° BERKLEY, MICHIGAN 
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RELIABLE CONTROL INSTRUMENTS OR 
COMPLETE SYSTEMS FOR DEFENSE — 
«+» Daystrom Instrument Can Supply Both! 


Daystrom Instrument will develop and manufacture 
control equipment and systems to meet your exacting 
needs. Through the years we've proven the RELIABILITY 
of our products to every branch of the Armed Forces 

. and to many of America's greatest industries. The 
talent, technical skills and facilities we make available 
to you assure a product which will meet your most crit- 
ical requirements. And this goes for the development 
and manufacture of a complete system . . . or our entry 


‘any place along the line."’ 


SET CONTROL 


Power Control Distribution for SAGE 


Other products made at Daystrom Instrument in- 

clude fire control systems, communications sys- 

tems, test equipment, attack directors, underwater 

ordnance, power supplies, electronic chassis, 

er radar, gear assemblies, servo applications, air- 
STEPPING SWITCH craft instrumentation and many other electronic 


and electro-mechanical products. 


DAYSTROM™M 
INSTRUMENT 





Division of Daystrom Inc. 


Archbaid, Pennsyivania 
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growth potential. For example, over 
twice as many engineers expect to 
measure radioactivity as a variable in 
the next three years as measure it 
today; twice as many will be interested 
in ultraviolet measurements in three 
vears; and the percentage interested in 
nuclear magnetic resonance as a 
measuring technique will grow a sim- 
ilar amount. ‘Typical large-scale growth 
percentages anticipated in the survey: 


Percent usage 
Variable today _in 3 years 





radioactivity 14 29 
infrared 14 20 
mass spectrometery 7 11 
ultraviolet + 8 
NMR 3 ¥ 





However, the old standby variables 
are expected to hold their own if not 
increase in frequency of use over the 
next three years. For example, here's 
what’s expected of the leaders: 

Percent usage 

Variable today in 3 years 





temperature 
pressure ) 

flow rate 54 
position 59 





Copies of the complete survey are 
available from Conrrot ENGINEER 
inG’s Research Dept. 


Radioactive Controls 
Switch Film Projectors 


A beta ray emitting material glued 
to the end of the roll of film permits 
automatic switching of motion picture 
projectors in a Riga (Estonia) televi- 
sion center. ‘wo projectors are used 
to present a filmed show. Each pro- 
jector has an ion counter which is 
connected to the switch installation 
of the other. When the radioactive 
material at the end of the film passes 
the counter, the beta rays activate the 
counter sending an electrical impulse 
to switch on the next projector. 


Another Look at 
Computing-Control 


Technically feasible—but obstacles 
ahead! This was the conclusion of the 
panel discussion on “Fitting Com- 
puters into Control Systems” at the 
October 16-18 Conference on Com- 
puters in Control Systems sponsored 
at Atlantic City by the Feedback Con- 
trol Systems Committee of the AIEF. 
Specifically, economic justification, re- 
liability, and lack of process knowhow 
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SYNCHROS 


WITH NEW STANDARDS OF ACCURACY 


KEARFOTT 

NEW SIZE 25 SYNCHRO is accurate to 0.5 minutes of 
arc. It requires no external compensating devices. 
Available as transmitters, control transformers, differ- 
entials and resolvers. 
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SIZE 23 “PANCAKE” SYNCHROS are suitable for gimbal 
mounting and are accurate to 2.5 minutes of arc. 


SIZE 11 SYNCHROS for 4 wire systems offer accuracy 
of 3.0 minutes of arc. Standard 3 wire Synchros avail- 
able with 5, 7 and 10 minute maximum errors. 





ACTUAL SIZE 


SIZE 11 


SIZE 25 
MAXIMUM ERROR 
30 SECONDS FROM E. Z. 


KEARFOTT COMPONENTS INCLUDE: Gyros, Servo Motors, 
Synchros, Servo and Magnetic Amplifiers, Tachometer Gen- 
erators, Hermetic Rotary Seals, Indicators and other Elec 
trical and Mechanical Components. 


KEARFOTT SYSTEMS INCLUDE: Directional Gyro Compass 
Systems, Three Gyro Stable Platform Systems and Inertial 
Navigational Systems. 


Particulars on these and other Kearfott Components gladly 
sent on request. A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. Midwest Office: 23 W. Calendar Ave., La Grange, II. 
South Central Office: 6211 Denton Drive, Dallas, Texas. West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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pressure transducers 


w BOURNS 


High vibration performance 
Temperature compensation 
Expanded measurement ranges 
High reliability 


An entirely new concept in pressure instrument performance combined 
with Bourns’ experience in fine instrument manufacturing. 


MODEL 409 
Absolute Pressure Transducer 


.».@ new design which provides extremely accurate 
performance characteristics. An advanced mechanism 
results in low vibration sensitivity for high vibration 
levels over all pressure ranges. 

Temperature compensation and optimum material 
selection result in negligible temperature effect over 
a wide temperature environment. 

Available ranges: 0-2 psia to 0-100 psia. 


Write for Bulletin 409 


MODEL 509 
Differential Pressure Transducer 


«+. @ new design with the same quolity plus features 
as the Model 409. The diaphragm capsules 
manufactured by Bourns provide exceptional hysteresis 
and linearity performance in addition to the low 
temperature error. These production instruments are 
assembled and tested to exacting quality standards. 
Available ranges: 0-2 psi to 0-100 psi. 


Write for Bulletin 509 


QURNS LABORATORIES, INC. 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 
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were the three major roadblocks re- 
ferred to by panel and audience. 

¢Computing control  classified— 
Frank Reintjes, head of MIT’s Servo- 
mechanism Lab, set the stage by 
establishing three types of systems: 
computer directed control systems, 
systems with a computer within the 
control loop, and self-adaptive com- 
puting systems. Program control sys- 
tems, of which numerically-controlled 
machine tools are the outstanding ex- 
ample, fall in the first class. Here the 
computer stores solutions and there is 
no feedback to the input. 

Fire control systems were given as 
an example of systems with a com- 
puter within the loop: up to now pri- 
marily analog computers, but with an 
increasing encroachment of digital 
equipment (CtE, Sept. ’57, p. 26). 
However, the advent of digital equip- 
ment introduces new problems be- 
cause the variables being measured 
and controlled are basically analog 
quantities; new methods of encoding 
and decoding are necessary as a result. 

Little theory exists for the third 
type—sclf-adaptive computing systems 
—in which the system calculates over- 
all system behavior and improves per 
formance by modifying its program. 
More thorough process knowledge is 
required, and performance criteria 
must be developed and defined; for 
example, what is the best computer? 

¢ Digital vs. analog—In general, only 
complex processes justify the use of 
complex computers as control ele- 
ments, stated John Moore of Auto- 
netics Div., North American Aviation. 
There would be multivariable systems 
with more than one input and output 
in which complex relationships exist 
between input and output. Examples 
are machine tool control, chemical 
process control, airborne control and 
guidance, and air traffic control. 

Analog computers aie usually su- 
perior for solving the simpler prob- 
lems, and are lighter in weight than 
digital equipment. In tum, digital 
computers are used where extreme 
accuracy, versatility, and standardiza- 
tion are prerequisites—standardization 
because of possibility of reprogram- 
ming the computer to solve different 
control problems. 

¢ Problems from the user viewpoint 
—The complexity of chemical proc- 
esses has appealed to almost every 
control engineer interested in apply- 
ing computing control, pointed out 
Ted James of du Pont, but obstacles 
have made progress slow. Ted empha 
sized some pertinent problems: 

The formulation of the optimiza- 








One method of thermo-compression bonding. 
A heated wedge presses a wire against a 
heated semiconductor with enough force to 
deform the wire. Adhesion occurs in seconds. 


Thermo-compression bonding 
provides a new way to attach a 
wire to a semiconductor. It calls 
for heat and pressure—nothing 
else. The wire and the semicon- 
ductor are moderately heated, 
then pressed together under mod- 
erate pressure. The resulting bond 
is very strong—stronger actually 
than the wire. No chemical flux 
or molten metal is required. 


Eliminating molten metal pro- 
vides an enormous advantage in 
fixing electrical connections to 
transistors. That’s because molten 
metal tends to spatter and spread 
uncontrollably over the surface of 


Wire bonded to germanium by thermo-compression technique (enlarged). 
Wires only 1/10 the breadth of a human hair have been successfully 
anchored to germanium wafers only three hairs thick. The bond may be 
an ohmic contact or rectifying contact by adding suitable impurities to the 
wire and the semiconductor. 


new way to join metal to semiconductors 


a semiconductor. And it may alloy 
with the semiconductor to alter its 
all-important crystalline structure 
and chemical purity. Thermo- 
compression bonding easily and 
quickly makes a strong permanent 
electrical connection without 
damaging the semiconductor. 
Furthermore, the lead may be at- 
tached to microscopic areas and 
precisely positioned, a most valu- 
able aid in the construction of 
high-frequency transistors. 


Thermo-compression bonding 
will speed the production of tran- 
sistors . . . the transistors needed 
to fill all the new jobs Bell Lab- 


oratories finds for them in the quest 
to provide still better telephone 
service to Our growing country. 


At Bell Labs Howard Christensen and Orson 
Anderson discuss their discovery of new bond- 
ing principle with Peter Andreatch, Jr., who 
collaborated in the studies. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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in engine test facilities-from 


_ measurement input to system output 


- reliability you can count upon 


S-1O® 


Automatic Data Handling and 
Recording System 


As many as 500 variables of pressure, 
temperature and other inputs are measured 
and recorded by the S-100 during test stand 
runs of rocket, jet and certain reciprocating 
engines. At sampling and readout rates to 
one hundred per second, depending upon 
requirements, the information provided by 
Vibrotron® Digital Pressure Transducers, 
Digital Shaft Converters and millivolt and 
frequency signals is processed against stored 
calibration data. Sequentially or upon demand, 
this processed information may be routed 
through format control to system outputs 
for tabulations, visual readout, punched 
cards, tape or other output media. 


Bulletin 58-112 details application of the 
S-100 System to a representative automatic 
data handling and recording system for 
engine test facilities. You are invited to 
request your personal copy and to specify 
your particular requirements. 


Vibrotron ® Digital Transducer 


Technical Bulletins relative to 
Vibrotron Digital Transducers, 
Digital Shaft Converters, Miniature 
Magnetic Memory Drums, Etched 
Circuit Component Cards and other 
system components and accessories 
are available upon request. 


Qualified engineers are assured interesting, rew arding 
careers at this new Borg-Warner electronic facility. 
Write O, C. Bowers, Chief Engineer. 


BJ ELECTRONICS 


reliability you can count upon 


BORG-WARNER CORPORATION 
3300 NEWPORT BOULEVARD, SANTA ANA, CALIFORNIA 


Export Sales: Borg-Warner International Corporation, Chicago, Illinois 
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tion problem is incomplete. Chemical 
processes cannot be readily character- 
ized by mathematical relationships. 

Available computers just aren't re- 
liable enough. ‘There is no compat 
bility between available industrial con 
trollers and proposed control com 
puters. 

Computers must be economically 
justified just as other pieces of capital 
equipment. l‘heoretical gains can be 
calculated, but how much of this gain 
can be realized in practice? I'rom an- 
other point of view, the same invest- 
ment in another arca may carn more 
money for the processing company. 

Why high speed?—Onc industrial 
instrument manutacturcr questioned 
the need for high computational 
speed in the control of notoriously 
slow flow processes. H« mentioned, 
for instance, that the high forces in 
curred in rapidly opening or closing a 
large control valve could wreck a plant. 

John Ragazzini countered by saying 
that computational speed does not 
necessarily mean the controlled’ ele 
ments will be operated at high speeds, 
but rather this speed permits the de- 
sign of the best control system to op 
erate the plant. Ted James agreed 
with the questioner in that the real 
incentive to using computer control 
is complete plant redesign. Up to now 
there has been no incentive to reduce 
the flvwheel or inertia effect in chemi- 
cal processes, sunply because present 
controls are not good enough to con- 
trol the process without these effects. 
John Moore countered that with prop- 
erly applied computing control valves 
shouldn’t have shut rapidly 

e The rest of the conference—For 
the rest of the session, Conference 
Chairman John Truxal of Polytechnic 
Institute of Brooklyn put together an 
excellent program of technical papers 
that attracted 376 of the country’s 
top control engineers. The meeting 
issumed an international air with the 
ittendance of Russian and French par- 
ticipants. Although neither of the 
Russian papers were technically out- 
standing (both dealt with the use of 
prediction computers to improve tran 
sient response), the Russian scientists 
were by far the prime center of attrac- 
tion at the social hour (see Shoptalk, 
page 8) with heavy competition for 
their conversation (all three claimed 
to know nothing about Sputnik). Sev- 
eral of the outstanding papers will be 
abstracted in future issues of ConTROI 
ENGINEERING. 

—Byron K. Ledgerwood 
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LIADIVG OR UNILC ADING SPEEC: 


14 (tL 3EC/CHARACTER 


144-BQ8 CORT MEMORY 


30T5 FEKSITE COF:t 


A SMALL, TRANSISTORIZED UNIT FOR SYSTEM COMPATIBILITY IN: data processing, com- 


puting and automation systems. Another member of Telemeter Magnetics’ growing 

family of coincident current magnetic core storage buffer units, this neatly designed 

package containing storage capacity for 1152 binary digits, switching and driving 

circuitry to load and unload information and a self-contained power supply, measures 
only 8% inches high and 14 inches deep in standard relay rack mounting. Like the larger Telemeter Magnetics 
buffers, it is designed to provide compatibility between two data systems having different operating characteristics. 
Pioneer work in the development and manufacture of magnetic core storage buffers has made Telemeter Magnetics 
a specialist in this field. Call them in to solve any memory or buffering problem, or for specific information regarding 
the 144-BQ8 or the 1092 series of buffers, write: 


0 
| TELEMETER MAGNETICS Inc. 2245 Pontius, Los Angeles 64, California 





For use as: delay, 
temporary storage or d f 
buffer, specify the 


SPECIFICATIONS: Number of characters: 144; Number of bits/characters: 8*, loaded or unloaded simultaneously; Loading or Unloading Speed: 14  sec/character; Solid state 
components only. Signal Amplitudes: Input: ZERO—5 Vdc, ONE + 5 Vdc, Output: Pulse: ZERO— 5V, one + 5v. Load Sync: +10v, Unload Sync. +10v. Power: 1 amp at 115v, 60 cps 
*Available in 4 bit model, specify 144-BQ4 
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AROUND THE BUSINESS LOOP | 


Monroe and Aircraft Radio 
Bought by Litton Industries 


Last October was one of the busi- 
est months for Litton Industries, Inc., 
which only a little while ago was trac- 
ing an orbit of middle-sized com- 
panies specializing in electronic instru- 
ments. In July, this babe in the big 
leagues slowed down just fast enough 
to write its name in the New York 
Stock Exchange, and then steamed off 
again. Three months later it put its 
brand on three major eastern firms— 
Monroe Calculating Machine Co., 
Aircraft Radio Corp., and Maryland 
Electronic Mfg. Corp. (for some dope 
on the latter, see CtE, Oct., p. 189) 
—and announced its new Inhabited 
High-Vacuum Laboratory, a unique 
and revolutionary research facility. 

Litton’s annual report to .its share- 
holders, which covered the fiscal year 
ending July 31, 1957, noted that sales 
and other income had risen 89 per- 
cent from $14,920,050 in 1956 to 
$28,130,603; that its net earnings 
were up 77 percent from $1,019,703 
to $1,806,492, and that its backlog 
had increased from $35 million to $54 
million. The arrival of Monroe boosts 
the sales figure by $40 million, and 
Aircraft Radio sends it up another $10 
million. 

*Choice of deals—Monroe’s 300,- 
000 outstanding shares of common 
stock went to Litton shareholders, 
who had the option of trading either 
one and a half shares of their com- 
mon stock, or one-half of one share 
of their preferred stock, for each Mon- 
roe share. Either way, the result was 
to bring into the Litton fold Monroe’s 
four research and manufacturing 
facilities in New Jersey, Virginia, and 
Amsterdam, Holland, its 350 sales and 
service branches in the U‘S., and its 
five wholly-owned foreign subsidiaries 
in Canada, England, France, Vene- 
zuela, and Holland. 

Said Litton President Charles B. 
Thornton, “The impact of today’s 
advanced electronic developments has 
already been felt to some degree in 
certain areas of business and office 
management. But the surface has 
only been scratched. Monroe and 
Litton are joining together their capa- 
bilities and experience as a major 
move toward realization of the long- 
term commercial potential in that 
market.” ‘To speed this realization, 
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Litton has added Monroe’s Fred R. 

Sullivan, Alfred B. Connable, and | 
George Monroe to its board of direc- | 
tors. President Sullivan continues as 
chief executive of his company’s ac- 
tivities. 

Stockholders of Aircraft Radio were 
also offered a choice by Litton: 0.6 | 
of a share of its common stock, or 
0.23 of a share of its preferred, for | 
each share of Aircraft Radio common. 
President W. F. Cassedy Jr. and Air- | 
craft Radio’s other officers hold their 
present positions in the company, 
which, though a Litton subsidiary, 
will continue to market its aircraft 
communication and navigation equip- 
ment through its own distributors and 
dealers, and under its own label. 

* Aircraft Radio strides—The Boon- 
ton, N. J. pioneer of airborne elec- 
tronic equipment saw its net earnings 
for the first half of 1957 rise to $380,- | 
000, and its sales increase 15 per- 
cent. Its addition to the Litton plant 
prompted Thornton to say: “With 
the tremendous strides being made by 
the electronics and aircraft industries 
in the development of advanced elec- 
tronic airborne systems, the need for 
closer integration of all phases of sys- 
tems development has become increas- 
ingly important. This logical union 
between the research, manufacturing 
skills, and markets of our two organi- | 
zations is planned with the convic- | 
tion that greatly increased capabilities 
and output will follow.” 

Both acquisitions point up the 
meaning of a paragraph in Litton’s 
annual report, showing clearly why 
Litton chose to tell its shareholders 
that: “The Secretary of the Air Force 
has recently indicated that by 1960 
Air Force purchases of advanced elec- | 
tronic equipment and systems will | 
have increased to approximately $1.3 | 
billion a year as compared to 1956 | 
purchases which totaled $756 





56 million. | 
In addition to this increase, the Sec- | 
retary has stated that purchases of | 
guided missiles will grow from $483 | 
million to $2.8 billion annually in the 
same period. Included in missile pro- | 
curement will be navigation, guidance, | 
computing and control, instrumenta- 
tion, and other equipment of the 
types developed and produced by Lit- 
ton Industries.” 

¢What HVL means—Announce- 
ment of the Inhabited High Vacuum 
Laboratory (see page 41) for studying 


NOW! 


For Immediate Delivery! 


Over $1,000,000 in 
ASCO Solenoid Valves 
Regularly Maintained 


In Stuck 
2-WAY 





| Normally Closed and Normally Open 


Pipe Sizes: ¥e”—2” 
Pressures: to 1500 P.S.l. 
Voltages: 1.15-230-460/60 
Solenoids: General Purpose, 
Watertight, Explosion Proof 


Services: Air, Water, Oil, Gas, Steam 


3-WAY 
Normally Closed and Normally Open 
Pipe Sizes: Ye”—'2” 
Pressures: to 600 P.S.1. 
Voltages: 115-230-460/60 
Solenoids: General Purpose, 
Watertight, Explosion Proof 


Services: Air, Water, Oil, Gas, Steam 


4-WAY 
Pipe Sizes: %4"”—1” 
Pressures: to 300 P.S.I. 
Voltages: 115-230-460/60 
Solenoids: General Purpose and 
Explosion Proof 
Services: Air, Water, Oil 


HAND RESET 

2-WAY 
Pipe Sizes: /2”—1” 
Pressures: to 250 P.S.I. 
Voltages: 115/60 
Solenoids: General Purpose 
Services: Air, Water, Oil, Gas 


3-WAY 
Pipe Size: %” 
Pressures: to 250 P.S.1. 
Voltages: 115/60 
Solenoids: General Purpose and 
Explosion Proof 
Services: Air, Water, Oil, Gas 


STRAINERS AND FILTERS 
Pipe Sizes: ¥e”—3” 
Pressures: 250 P.S.1.; 450°F 
Services: Air, Water, Oil, Gas, Steam 


Special purpose solenoid valves and ac- 
cessories are also stocked. 

All sizes and types of ASCO Solenoid 
Valves now carried in stock by our ware- 
house in Los Angeles, and by stocking 
distributors in all principal cities. 


Send for ASCO Solenoid Valve 
Stock List and Selection Guide. 


Automatic Switch Co. 


50-G Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 











ASV makes 
Solenoid Valve selection simple 


Comprehensive Design Engineering Data Now Available 
Keys Proper Solenoid Valve to Application 


Specifically designed to make the selecti»n of solenoid valves simple, 
the ASCO Valve Catalog gives you the most comprehensive engineer- 
ing data available to aid you in your solenoid valve selection. 

Here are 114 pages of up-to-date valve information. These pages 
incorporate detailed engineering sections. Finding the proper valve 
for your particular application is made easy by a simple master index 
which leads you to a separator where you will find all the valves of 
the type you require. Each separator has a more detailed index which 
will enable you to turn right to the valve bulletin needed to meet 
your particular requirements. 


FLORHAM PARK WN) 























SPECIAL 
waives 





You may order the complete catalog or individual sec- Any of these important engineering reference 


tions or bulletins. You will find easy to use return reply 
oards in each catalog for ordering additional literature. 
Also available is the Electromagnetic Control Master 
Catalog 57-S or any one of the six sectional Catalogs 
covering Automatic Transfer Switches, Remote Control 
Switches, Contactors, Relays, Solenoids-or Electric 
Plant Controls. 


aids may be obtained by writing Automatic 
Switch Company — on company letterhead 
only please. 


Automatic Switch Co. 


50-6 Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 











Important data 
for malting research 
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Pilot Malting Plant and Panel Board 


LL of the George J. Meyer Malt & Grain 


 Corp., Buffalo, N.Y. 


recorded on TECHNICAL CHARTS! 


This tower-like pilot malting plant is completely 
automatic, with more than 50 miniature valves, 
gates, dampers and similar devices. During research 
on the 10 day cycle of converting barley to malt, 
variables of temperature and moisture are accur- 
ately recorded at 42 points on TECHNICAL strip 
charts 


| 
Research scientists as well as production engineers 
the country over rely on the accuracy found in every | 
TECHNICAL chart. They also appreciate TECHNICAL’S | 
ability to supply charts for all their instruments, | 
regardless of “make”. If you are not already a | 
user, join the thousands who are by specifying | 
TECHNICAL. 


Send for Bulletin 57A 


TECHNICAL CHARTS INCORPORATED 


SERVING AMERICAS 
FOREMOST INDUSTRIES 


Standard Charts 
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BUFFALO 10, N.Y. 
Nationally Represented by TECHNICAL SALES CORPORATION 
16599 Meyers Road 


Detroit 35, Michigan 


e Special Charts ¢ Computer Plotting & Printing Paper 
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physical phenomena in an environ- 
ment simulating the conditions of 
ultra-high altitudes (those far beyond 
the range of manned aircraft) credited 
the Air Force Office of Scientific Re- 
search for help in the venture. The 
laboratory, which permits a man clad 
in a Litton-designed suit to control 
experiments in a vacuum environment, 
is said to be the only one of its kind 
in the western world. But it is just 
another unique laboratory for Litton. 
An earlier one: the Electronic Display 
Laboratory, which this year announced 
new models of its Lawrence Chroma 
tron tube (after Emest O. Lawrence, 
director of the University of Cali 
fornia Radiation Laboratory at Berke 
ley and a Litton consultant). 

lubes, particularly magnetrons and 
other microwave power models, have 
been leading Litton items for a long 
time. More recent work has been 
done in digital computers and con 
trols, inertial navigation systems for 
missiles and aircraft, radar and coun- 
termeasures equipment, and various 
precision electronic components. 


Some Fiscal Years Close: 
Past Good, Outlook Better 


Other companies that wound up 
their fiscal years at about the same 
time as Litton Industries (see story 
above) are reporting. Among 
them: 

Perkin-Elmer Corp.—$1 2,753,563 in 
net sales, up 54 percent; $602,846 in 
carnings; $509,985 in net inccme, up 
from $148,114; $8.4 million in back- 
log, and $4,596,759 in working capital. 
Cost of establishing the new Nuclear 
Magnetic Corp. cut into the earnings 
figure reported, but the word now is 
that NMC is operating without fur 
ther significant losses. Outlay for non- 
governmental R & D rose 55 percent, 
from $481,307 to $746,741. 

Universal Winding Co.—$15,150,- 
352 in net sales, down from $16,782.,- 
998: $464,321 in net income after 
Federal taxes, down from $654,388. 
The approximately 10 percent drop 
in sales and earnings was attributed 
to an industry-wide decline in demand 
for textile machinery. Sales of coil- 
winders, said President Robert Leeson, 
are “‘expected to continue at a satis- 
factory level’. 

The Siegler Corp.—$32,719,078 in 
sales, more than double the 1956 
gross figure of $15,375,034; $1,036,- 
681 in net income, very 
vears $1,053,059; 
increase in personnel, 
2,200. Reflected 
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Schrader... 


your one source for AIR VALVES 





full line for every use—immediately available from 
your conveniently located Schrader Distributor 


Hand-Operated Four-Way Valve Pilot-Operated Valve 


Foot-Operated Four-Way Valve 


Rotor Type Valve Cam-Operated Valves 
Solenoid-Operated Valve 


> 


— Two- and ' 
4 Three-Way Poppet 


Flow Control Valves Quick Exhaust Valves 


CYLINDERS | 
PN | ay Vo +)-) 0) 4) 3) 


Schrader’s complete air products line can meet your every need. 
A. SCHRADER’S SON ©« Division of Scovill Mfg. Co., Inc. © BROOKLYN 38, N. Y. 


QUALITY AIR CONTROL PRODUCTS 





e division of SCOVILLE 
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DEKORON PRoDUCTS CUT INSTRUMENKTUBWNG COSTS 


re) -1-1e)-1 (oe) 
RESISTANT METAL 
INSTRUMENT 

LINE HARNESS 


DEKORON Metl-Cor®, tried and proven in 
years of service in literally thousands of 
installations, is impervious to attack from 
even the most corrosive industrial atmospheres 
and weather conditions. 


Dekoron Metl-Cor is a multiple tube 
bundle of copper or aluminum tubes over 
which is extruded a thick sheath of corrosion- 
proof plastic. This harnessed construction 
means that it costs much less to install than 
ordinary metal tubing because many tubes are 
installed at one handling. Metl-Cor 
instrument line harness is available with 
from 2 to 19 (7 illustrated) tubes per bundle, 
up to 1000 ft. in length. 


Corrosion resistance . . . elimination of 
tubing replacements . . . ease and speed of 
installation—no other metal instrument 
tubing can compare with patented Dekoron 
Metl-Cor. Request Bulletin 456 for 
additional information. 


“products 
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sales figure is the performance by the 
Hallamore Electronics Div., which 
quadrupled sales during the year, in 
creased its staff from 350 to 1,200, 
and tripled the size of its facilities. 
Siegler, said President John G. Brooks 
after a look at the Hallamore record, 
is emerging as predominantly an elec 
tronics Company. 

Solar Aircraft Co.—$83,118,545 in 
sales, up from $51,645,522; $384,981 
in net income, down (due mainly to 
manufacturing problems and a strike 
from $1,252,608; $91,435,600 in back 
log, up from $75,167,600; $9,584,147 
in working capital, down from $10,- 
882,127. 


New Idaho Plant Extends 
Argonne Reactor Studies 


Argonne National — Laboratory, 
whose experimental boiling water re- 
actor (EBWR) is already operating at 
Lemont, Ill. (CtE, April, p. 23), plans 
to extend its study of the boiling re- 
actor concept with construction of a 
new facility at the National Reactor 
Testing Station near Idaho Falls, Ida. 
The $8.5 million ARBOR (Argonne 
Boiling Reactor) will investigate full- 
scale boiling water power reactor sys- 
tems at pressures up to 2,000 Ib psi 
and develop 200,000 kw of heat under 
varying conditions. 

Design of the new reactor is in the 
hands of United Engineers & Con- 
structors, Inc., of Philadelphia, which 
will work closely with Argonne scien- 
tists and engineers. The latter is being 
represented by Leonard W. Fromm, 
a member of the Argonne Reactor En- 
gineering Div. Contracts for construc- 
tion will be awarded about July 1, 
1958, two months after the design 
work is expected to be completed. 


Final Ruling Near on Whether 
Moving Costs are Deductible 


Next January or February a U. S. 
court of appeals in Denver will hand 
down a final ruling on whether mov- 
ing expenses paid new employees by 
hiring firms need be reported to the 
Internal Revenue Service as income. 
The ruling will be on Government ap- 
peal of a decision in Albuquerque last 
June, when two employees of Sandia 
Corp. and their wives won cases filed 
against IRS. Judge Carl A. Hatch, 
sitting in U. S. district court, found 
for the employees, saying that the 


money they had receiving for moving 


research SAMUEL MOORE & COMPANY » manrua, onto 


service DEKORON PRODUCTS DIVISION (Continued on page 166) 
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SIGNAL GENERATOR 


The new ADI instruments from SIE are based on an 
appreciation of the essential requirements for successful 
design and research instrumentation . . . Accuracy, Versatility, 
and Reliability. For example: the M-3 Signal Generator — 
first of the new ADI instruments — is designed to provide the 
@ Less than 0.01% Drift per Hour research and design engineer with a highly accurate fre- 

after Warmup quency source for applications ranging from amplifier design 


Less than 0.1% Distortion to telemetering measurements . . . and to meet these aims in 
in Audio Range 


@ 1 cps—120,000 cps 
© Sine and Square Waves 


a design which provides maximum “in use” convenience. 


Frequency Calibration (1% + 0.1 cps) There will be new SIE instruments in the ADI Group 


Calibrated Attenuator available in the near future. Watch for their announcement, 
and Output Meter and, in the meantime, let your SIE representative demonstrate 
A necessity in a fully equipped the M-3 in your lab. Check the accurate dial calibration and 
electronics facility. extremely low drift rate. You'll find a new standard of 
performance which really deserves the description . . . an 
Advanced Design Instrument. $495.00 





SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY 
Industrial Instrumentation for Industrial Progress 


2631 Post Cak Road + fF. ©. Box 13058 + Houston 19, Texas 
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Re-Cycling Timers 





Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


If slow deliveries of timers have been delaying you in your 
automatic control projects, try us! True, your problem may 
be different and difficult indeed, for no two automatic con- 
trol jobs are exactly alike. But our record in helping out in 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 
be exact, that has provided us with the special knowledge 
required to supply our customers with the right answers. 


How do we do it? The answer is in what we believe to be 


Tamers that Control 


the Pulse-Beat of Industry 
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the largest variety of standard and combination timer units 
anywhere in the industry. To fill the widely varying needs of 
our customers, we manufacture a complete line of timers in 
the four broad classifications illustrated above: Time Delay 
Timers, Re-Cycling Timers, Interval Timers, and Running Time 
Meters. From these our timer engineers have developed 20 
basic types which they have so far combined in over 1000 
different ways. Therefore—many jobs that would seem to 
require a special timer, are in fact, a standard timer with us. 


And our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your special 
needs. So why not send us your specifications. You'll get a 
prompt reply and you may save yourself much lost motion. 


INDUSTRIAL TIMER CORPORATION 


1419 McCARTER HIGHWAY, NEWARK 4, N. J. 








VHF Transistors! 
First From 





ay aeReaeneeaee 
an 


sececeioeezeg| New family of Micro Alloy 
ms) Diffused-base Transistors (MADT)* 


@ Rise, Storage, Fall Time in Low mysec Range 
@ High Oscillator efficiency at 200 mcs 
@ Amplifier gains of 10 db at 200 mcs 


Here is a major breakthrough in the 

frequency barrier . . . a new family of field- 

flow Micro Alloy Diffused-base Transistors. 

Philco MADT’s extend the range of high 

gain, high frequency amplifiers; high speed 

computers; high gain, wideband amplifiers 

— a Giese of U8 —— and other critical high frequency circuitry. 

25% “at 100 ogcillator macs MADT’s are available to various volt- 

mes (min 2 age and frequency specifications for design 

25% at 200 yo ” of high performance transistorized equip- 

mes (min 16 max.) ment through the entire VHF and part of 

ced switch typi gals mero max.). In the UHF spectrum. These transistors 

az —- 10 and voltage turnoff. range in f,,.. from 250 mc to as high as 
+8) 


tra high-sp' ‘ 
Ultr 7 enssec 


a ..- irrent gain ‘or tO 1000 mc. MADT gains are typically 10 
wie 7 db at ee a_i db at 200 mc and greater than 16 db at 
200 mcs 100 mc. A low cost general purpose unit 


1i db at 3 to 100 mcs is available which will deliver typically 
at 100 mces(min- high gain 18 db at 50 mc and 32 db at 10 mc. 


IF amplifier _____— 
A ¥ pl 


Make Philco your prime source of information 


155 KR 3 ings to 100 mw. : ; icati 

ee = to 35V and decipatinn to for high frequency transistor applications. 

tage ratings u JETEC 3 : 
: known as 

5 Case (widely 


—— Available in vol 


{In JETEC TO- Write to Lansdale Tube Company, Division of 


Philco Corporatien, Lansdale, Pa., Dept. CE-1257 


PHILCO. CORPORATION .°..- ~ 


LANSDALE TUBE COMPANY DIVISION a ® 
LANSDALE, PENNSYLVANIA ‘s if 


MICRO SWITCH..c0:.'.. 
PRECISION SWITCHING 


ALL COMPLETELY SEALED 

A silicone seal between the pushbutton or lever 

actuators prevents entrance of dust and mois- 

ture into the switching chamber. A liquid seal- 

ant, which never hardens, seals switch case to 
° cover. Sealant will withstand 30 Psi of pressure 

© differential. 
GOOD WIRING SPACE 
Easier wiring and stronger connections are made 


possible through the use of integral terminals. 


Lan Ss E ALED Step-designed case, allows more space between 


terminals and reduces chance of shorting. 


TOGGLE SWITCHES IMPROVED HOUSINGS 


Use of unusually high quality plastics provides 
THAT WILL MEET a high impact rate, low brittleness and greater 


YOUR MOST EXACTING resistance to cracking around metal inserts. 


DESIGN SPECIFICATIONS pion hia ARRANGEMENTS 
vailable in standard types. 


ROCKER-ACTUATED LEVER-ACTUATED 








2TP4 4TP1 


2TuU1 
Series Series 


Series Series 
MICRO SWITCH TP Series precision switches are a 
completely new design. Rocker actuation makes 
switching easy, yet false or accidental actuation is 
reduced to a minimum. 

The removable actuating rocker is made from 
either clear or clouded plastic. In the clouded, 
only the ends are clear. From a light source inside anti-rotation control. Covers are 
the panel, light from the clear end indicates rocker of die-cast aluminum. (Data 
position which is highly advantageous on control Sheet 139.) 
panels. (Data Sheet 141.) 


MICROSWITCH TL Series precision 
switches are for applications 
which call for unusual reliability 
and long-life performance. 

Toggle levers are of satin chro- 
mium-plated brass with sure 


4TL1 
Series 





ELECTRICAL DATA 





Catalog Listing Resistive Load Lamp Load Inductive Load 





11S5vde | 250vdc!! 115vac | 230vac)||30vde 115vac 30vdc W1Svac 





2TP4-1 -75 amp. | -5 amp. | 25 amps.| 9Qamps.| Vamps. 4 amps.) 15 amps! 15 amps. 
4TP1-1 78 5 || 20 = ] 5 4 12 15 
4TLI1-1 78 15 15 10 


Ss 6 5 3 
2TL1-1 75 5 25 9 y 4a 15 15 
5 9 5 a 

















4TL1-1 75 20 
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in key cities. Consultation costs nothing— 
can save time and money. 


Experienced micro switcu Field Engineering 
Service is available from branch offices 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
in Conada, Leaside, Toronto 17, Onterio » FREEPORT, ILLINOIS: (C" 
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The DATA-GAGE is the direct product of Texas Instruments 
working closely with the engineers of a leading oil company. 
The result is the first transistorized automatic tank gauge 
that gives you triple-check reliability, dependable Power 
Float accuracy to 1/16 inch, low maintenance, operational 


simplicity, and 100-tank capacity in ONE LOW COST SYSTEM! 


Eliminates Costly Errors—pata-Gace does not depend on. alertness of 
operator to catch errors. System automatically triple-checks itself for 
accuracy before any data is displayed: 1. Operational check of Power 
Float; 2. Identification of tank connection; 3. Telemetering check for 
correctness and completeness of data. 


Dependable Accuracy Under All Conditions—1/16 inch accuracy at 
depths of zero to 64 feet. No need to recalibrate over a wide range 
of liquids, temperatures and specific gravities. DATA-GAGE is the only 
system to give reliable readings during blending turbulence. 


Low Initial and Long-range Cost—pata-GaGe is a complete measurement 
system requiring no expensive extras. No special transmission system 


3609 BUFFALO SPEEDWAY ° 


6 ACG &" 


Remote Liquid Level Measurement System 


or conduits are required at installation—often existing ground level 
gauge connections and pipes can be utilized. Transistors are used 
instead of short-lived vacuum tubes. Easy access and quick-disconnect 
parts in all units make this the easiest to service of all systems. 


Operational Simplicity—operator simply dials tank number and awaits 
data to be displayed seconds later on the exclusive DataFLasH 
reading panel. He need not make comparative readings to determine 
€rrOrs—DATA-GAGE automatically checks itself. 


Power Float Reliability—the mechanical surface finder is a moving 
rather than static float, registers the instant surface tension is broken. 
No possibility of tilting, locking or sticking and giving an erroneous 
reading. 


Proved Telemetering—true digital system employs digital code in binary 
decimal form. Means of transmission is a completely redundant 
(code group and its complement are transmitted), three-state code, 
the reliability of which has been thoroughly proved in transatlantic 
telegraphy. 


Utmost Safety Precautions—field units are plug-in type which may be 
removed to safe area for servicing. No electric wires enter the tank. 
Explosion-proof housings are available on all field units. 


modern DATA-GAGE systen 
M-601. 


TEXAS INSTRUMENTS INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 


* TRADEMARK REGISTRATION 
APPLIED FOR 


HOUSTON, TEXAS * CABLE: HOULAB 
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DELCO’S FAMILY OF HIGH POWER 
TRANSISTORS 


Typical Characteristics at 25°C 


Maximum Collector Current « 





Maximum Collector Voltage (Emitter Open) 





Saturation Voltage (13 amp.) 





Max. Square Wave Power Output at 400 ~ P-P* 





Max. Sine Wave Power Output at 400 ~ P-P* 100 80 80 60 





Power Dissipation (Stud Temperature 25°C) 70 55 55 55 





Thermal Gradient from Junction to Mounting Base 1.0° 1.2°|1.2°) 1.2° 





Nominal Base Current . -13 | -24/| -13 | -24/| -13 
1p (Vec= —2 volis, 1c =— 1.2 amp.) 


























*Adequate Heat Sink **Designed to meet MIL-T-19500/13 (USAF) 18 JUNE 1 


These nine Delco Radio alloy junction germanium PNP 


Offer a wide range of power transistors are now in volume production. They 


are characterized by high output power, high gain, and 


performance characteristics low distortion. And all are normalized to retain superior 


performance characteristics regardless of age. 


to meet your switching, Check the data chart above—see how they fit your 


particular requirements in current switching, regulation 


regulation or power or power supply. Write for detailed information and 


engineering data. Delco Radio maintains offices in Newark, 


supply requirements N. J. and Santa Monica, Calif. for your convenience. 


DELCO RADIO 


Division of General Motors 
Kokomo, Indiana 
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TWO WAYS...with 
Master Unibrakes 


STOP-HOLD— Master Type M 
Magnetic Unibrake Motors. For 
quick, controlled stopping —espe- 
cially when you want to hold the 
load. Spring-setting magnetic re- 
lease brakes of the friction disc type 
combine with motor in a compact, 
integral unit. Sizes— 4 to 150 H.P. 


ROLLING STOP—Master Type 
D Dynamic Unibrake Motors. 
Braking is obtained with a unique, 
patented brake winding superim- 
posed on the stator winding. Simple, 
compact, with no DC current 
required, the brake has no moving 
parts. There is nothing to wear or 


adjust—braking torque repeats con- 


sistently. Particularly recommended 
for automatic applications which 
do not require static holding. 

Sizes up to 30 H.P. 





MASTER GEARMOTORS and 
variable speed drives can be supplied 
with integrated Unibrakes too. 

See Master for the perfect power 
drive for you. 


UNI ECO eS 


f 
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PRECISION POTENTIOMETER 


HEADQUARTERS 


For over three and a half decades, CLAROSTAT has done just 

one job but that job thoroughly — turning out controls and resistors 
for electronic and electrical requirements. Millions upon millions 
of such CLAROSTAT components in daily use attest to the 
engineering and production skills of CLAROSTAT. 


And now, with ever-growing and ever-more-critical demands for 
precision potentiometers, CLAROSTAT again is the specialist. A 
separate, super-specialized production entity — the Precision Control 
Division — now operates in the Dover plant. CLAROSTAT remains 

the world’s leading winder of fine wire, with an output greater than 

all other winders combined. The resulting precision potentiometers 
are worthy products of ‘The House of Resistors.’’* 


Therefore, specify CLAROSTAT. It always pays to deal 
with the specialist. 


Consult HEADQUARTERS.. 


Whatever your precision potentiometer requirements — standard or special, 
simple or intricate, single- or multi-section units, potted or encapsulated, 


large or small quantities — come to CLAROSTAT. Literature on request. oakie bistion 
potentiometer for 
Precise trimming 
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GENERAL INSTRUMENT 


SEMICONDUCTOR DIVISION 
proudly announces 


the industry’s 
most versatile 
silicon diocde 


RADIO RECEPTOR’S 


SIICOR 


Uniform excellence in 
all parameters permitting a 
far wider range of applications 





REDUCES EXPENSIVE INVENTORY 
REDUCES NUMBER OF DIODE TYPES REQUIRED 


RESULTS IN GREATER STABILITY 
AND LONGER LIFE 


aio 


H HIGH FORWARD CONDUCTANCE 100 mA @ 1V. 
Mi LOW REVERSE LEAKAGE .05 ua @ —50V @ 25° C; 
25 ua @ —50V @ 150° C. 
@ HIGH PEAK INVERSE VOLTAGE 120V. 
@ FAST REVERSE RECOVERY 80K ohms in .3 usec.* 
H HIGH OPERATING TEMPERATURE 175°C. 
*When switching from 5 mA to—40V. RL = 2K. CL = 10 wef. 


RATINGS 
Maximum inverse working voltage: 100V. 
Average forward current: 200 mA. 
Maximum power dissipation: 200 mW. 


Semiconductor Division 


Latest achievement of the GI team of semicon- 
ductor specialists is this universal silicon diode 
1N658. Radio Receptor’s newly developed 
process combines in skillfully balanced propor- 
tion every desirable characteristic you’ve 
sought in silicon diodes. Result is a fully reliable 
component that does a better job in almost every 
standard application. 


In addition to the 1N658, Radio Receptor 
offers to the industry a full range of RETMA 
subminiature silicon diode types to meet other 
applications. Full information is available upon 
request to Section C-12. 


RReo. 1N658 is available now in production quan- 
tities for immediate delivery from our factory. 
Small quantities for testing and evaluation can be 
purchased from any authorized RReo. distributor 
and orders sent direct to Radio Receptor will be 
handled promptly. 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 
240 Wythe Avenue, Brooklyn 11, N. Y. EVergreen 8-6000 


Germanium & Silicon Diodes * Dielectric Heating Generators and Presses 
Selenium Rectifiers * Communications, Radar and Navigation Equipment 
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Here is the winning move . . . from design with 
EAI’s Precision Analog Computing Equipment to 
instrumentation with EAI’s Variplotter and other 
output equipment. 


Here, too, is the reliable move, for you can count 


on Electronic Associates, Inc., to eliminate all 
ELECTRONIC. 
ASSOCIATES 


MOYO 


LONG BRANCH NEW 
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MANUFACTURERS OF 


JERSEY 





headaches by providing specified, standardized 
equipment for applications in the fields of petro 
chemicals, fire control, aircraft missiles, and many 
more industries. 

For details on all equipment write Electronic 
Associates, Inc., Long Branch, N. J., Dept. CE-12. 


= 
aed AS Cc = 


TELEPHONE CAPITOL 9-1100 








INDUSTRY’S PULSE 


The Protitless Atom... 
From Power to Processing 


“The only outfit making any money here is the one that runs 
the Coliseum,” remarked a stern-faced exhibitor at the Atomic 
Fair held in New York City’s big exhibition hall during the last 
week in October. Though voicing an opinion chorused by many 
exhibitors, the speaker was not condemning the show or its 
sponsor. His comment was simply symptomatic of what's hap- 
pening in the atomic field: the atomic industry is sick; it’s suf- 
tering from a chronic siege of no-profits. 

Up to now, instrument and control companies that are in 
the atomic business have attributed the dearth of profits to 
“growing pains’. Most figured it would take “an investment 
to reap the profits sure to come later’. But that opinion is Shakout 
disappearing. It’s been replaced by a feeling that the atomic coming 
industry may have jumped the wrong way; that the next 12 
months will see a sharp shakeout of companies in the field. 

Most frequently accused of being the culprit is atomic power, 
the darling of the industry only three years ago. ‘Today a lot 
of people criticize the concentration on nuclear energy for 
domestic power.* An acid-tongued speaker touring the Atomic 
Fair called atomic power “50 percent talk and 50 percent 
glamor’’. Still another 15-year veteran in the atomic field said, 

“We use nuclear ¢ nergy to produce heat, something we could do 
better and cheaper with fossil fuels, and then bury in the sea 
radioactive isotopes—the very material we should be using to 
do things that can’t be done any other way. 


This last comment points the direction that a lot of atomic 
veterans feel the industry will have to go if it’s to develop into 
a healthy one. Even the most disenchanted become ebullient 
when they start talking about the possibilities of the atomic A possible 
industry in applications such as: cure 
¢ industrial control—incorporating thickness gages to con- 
trol the production of a variety of materials from paper to steel; 
and in applications similar to those of photoelectric controls 
(for a simple example, see page 44) . 
* quality control of a variety of products from food to steel, 
using tracer techniques. 


* Not to be confused with the application of atomic power to sub- 
marines or in far-off, resource-poor spots like African deserts and Arctic 
wastelands—both considered extremely practical uses of atomic power. 
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* use of radioactivity and research reactors as on-stream 
analysis instrumentation in process industries. 

* chemical processing—radiation techniques may revolu- 
tionize some established fields like plastics manufacture, could 
institute many new processes, too. 

The brightest future may lie in the chemical processing field. 
There are indications, in fact, that a switch from atomic power 
to atomic processing is in the works. Some evidence: rubber 
companies are using nuclear radiation to vulcanize tires more 
quickly. Both General Electric Co. and The Martin Co. have 
been polymerizing plastics with radioactive sources instead of 
catalysts. 

In another direction, Aerojet-General has discovered that its 
small 201 research reactor can determine carbon-hydrogen ratios 
accurately when used as an on-stream analysis instrument in 
petroleum refining plants. Just what this will mean to the oil 
business is not yet clear; Aerojet has just formed an applications 
group to find out. 


But misapplication of atomic energy is not the only reason 
instrument makers have found no profits. There is also custom 
manufacturing vs. mass production. “As long as every problem 
that comes up is solved starting from scratch with a brand-new 
approach instead of using commercial hardware and on-the-shelf 
items, this industry we never be profitable,’ an instrument 
maker said. “Our forte is production; yet most of our atomic 


customers won't even settle for the same color of paint for com- 
ponents. We need volume production.’ 

What worries a lot of control people is the possibility of for- 
eign companies taking over what profitable markets may develop. 
American instrument manufacturers are not at all sure they can 
compete with cheaper foreign labor on custom manufacturing. 


All this prompts most atomic experts to predict major changes 
in the atomic industry over the next 12 months. “I don’t believe 
an atomic company has failed yet, but there will be a lot of 
them going out of business this year,” one pundit reasoned. 
“I doubt if there will be five companies in the U.S. able to make 
a living wholly out of atomic energy. Those that will make out 
will be the companies that sell commercial equipment to a lot 
of industries and who also sell the same or slightly modified 
gear to the atomic field.” 


Atomic 
processing 


End 
custom 
tailoring 


Strong 
medicine 





HOW TO TEST CORES 


You can get your core program off the ground now with the 
Burroughs BCT-301. This complete and flexible system for accu- 
rately measuring the operating characteristics of tape wound cores 
is the result of six years of core research at Burroughs. And with 
it, you get the benefit of advanced techniques and procedures 
which are now in everyday use at Burroughs, and are accepted 


practice among major core manufacturers. 


Designed expressly for the individual testing of square loop 
cores, the BCT-301 allows precise control over frequency, pattern, 
amplitude, and rise time of the core driving signal. Thus, you can 
get extremely accurate measurements of the switching time of the 
core as well as the amplitude of the output pulse. And the unitized 
sections of the BCT-301 can be expanded and modified to meet 


new testing requirements as they arise. 


Write for additional details on the BCT-301, or request a 
demonstration of how this new tool can get your core program 
off the ground now. 


specifications 


core low-noise test mounting jig applies tight single turn 
mounting !0Ops around core for input and output windings. Spe- 
cial electrical and mechanical design minimizes pickup 
by the secondary as well as other disturbances caused 
by air flux. Adjustable pins accommodate wide range 

of bobbin sizes with equal precision. 


Provides extreme flexibility in generating pulse patterns 
applied to core, controlling pulse spacing, repetition 
rate of cycle, and number of pulses in pattern. 


Two drivers convert voltages from. pattern generator 
into positive and negative constant current pulses used 
for driving core. Front ponel controls vary current am- 
plitude from 0 to 1.0 ampere; rise time from 0.2 usec. to 
1.0 yssec.; pulse duration from 1.0 usec. to 10.0 usec. 


calibrator: Accurately measures currents and” voltages. Permits 
measurement of driving current and amplitude of output 
voltage with an error of less than 1%, Used with cali- 
brated oscilloscope, permits highly accurate. readings 
of switching time. 


[ie ollie ao) a —) Oe Ba — 


Provides seven regulated d-c voltages. 


Burroughs Corporation « ELECTRONIC INSTRUMENTS DIVISION, DEPT. A, 1209 VINE STREET, PHILADELPHIA 7, PA. 
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Niade, Not Born 


A remarkable man, the compleat cuatro] engineer. The focal point of the 
design of fully-integrated automatic systems, he must have a clear knowledge 
not only of the principles of measurement, test and control, but also of the 
products commercially available for the job, the capabilities of the operating 
and maintenance personnel, dynamic and static operation of the machine or 
plant to be controlled, and the economic environment in which it works. 
There’s no such thing as a born broad-gage engineer-scientist-economist. In- 
dustry has to create him from the available ingredients — engineers trained 
in one engineering discipline or another. We have found a way that does 
this. It works and it makes sense. 

We uncovered it in a chemical plant. There, a young graduate engineer 
with some training in automatic control works for several months in the pro- 
duction division with process engineers, in the electrical division with elec- 
trical engineers, in the maintenance division with methods engineers, in the 
project and standard engineering group, in the instrument division, and on 
process development in the technical section. He completes the program in a 
couple of years. All of the groups named send out men who follow the same 
program and spin off to their sponsors when finished. Beyond creating con- 
trol engineers with the necessary broad plant know-how, this system gives 
“other engineering groups an instrument background, which helps immeas- 
urably in discussing instrument problems, . . . and in assessing the advantages 
of centralized automatic control,” says F. H. Winterkamp, head of the In- 
strument Div. at du Pont’s Belle Works. 

A manufacturer of machine tools uses a similar, though less formally or- 
ganized program. David N. Smith, manager of research at Jones & Lamson, 
reports that beginners are assigned to varied project work that “brings them 
into contact with mechanical, hydraulic, electrical, and electronic activities 
as well as giving them experience in metal cutting techniques, time and mo- 
tion studies, etc.” Letters in the Feedback section, page 10, more completely 
explain these programs, which are a new twist on the old rotating assignment 
routine. They look especially valuable for the control engineering field. Tell 
your management about them. 


THE EDITORS 
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Today more than yesterday...tomorrow more than today 


of stable voltage 


A dependable source 


Today more than yesterday—and 
tomorrow more than today—circuit 
reliability and simplification is a 


STANDARD-TYPE DESIGN for the 250- 
1000 va ratings range of Sola Constant Volt- 
age Transformers shows compactness and 
simplicity of this static-magnetic regulator. 


vital responsibility of the electronic 
and electrical design engineer. 
Where the problem is voltage con- 
trol, utmost simplicity and reliability 
is provided by the Sola Constant 
Voltage Transformer. 


Along with its simplicity, the 
static-magnetic Sola regulator offers 
many important advantages over 
other voltage stabilizers, some of 
which depend upon saturation of 
core materials for their regulating 
action; or other types employing 
tubes. The performance characteris- 
tics of Sola Constant Voltage Trans- 
formers have led to their widespread 
use in applications for which other 
types of regulators are unsatisfac- 
tory. Included are: 


1. Completely automatic, continu- 
ous regulation of output within 
+1% with primary voltage vari- 
ations as great as +15%. 





Response time of 1.5 cycles or 
less. 


No moving or expendable parts 
or manual adjustments. 


Self-protecting against short 
circuits or heavy overloads on 
output or load circuit. 


Current -limiting characteristic 
protects load equipment from 
excessive fault currents. 


Availability of transformation 
ratio for step-up, step down, 
plate and/or filament supply 
permits substitution in place of 
conventional non - regulating 
transformers. 


Provides isolation between input 
and output circuits, often elim- 
inating the need for “static 
shields.” 

Relatively compact compared to 
other equipment for comparable 
ac voltage regulation. 


The basic-design Sola regulator— 
referred to as the Standard-Type 
Constant Voltage Transformer — is 
available from stock in capacities 
from 15 va to 10 kva in a variety of 
ratings. Many of these standard 
models can also be supplied for 25 


SPECIAL DESIGN above exemplifies 
adaptability of the basic Sola Constant 
Voltage Principle to special electrical or 
mechanical needs. This unit, rated at 9 kva 
— either single, or three-phase — delivers 
+1% voltage regulation with negligible 
harmonic distortion. 


SOLA 








and 50 cycle service, or with other 
input and output voltages, on a 
“‘build-to-order”’ basis. 


Special adaptations of the basic 
design have resulted in six addition- 
al types of Sola regulators that meet 
a variety of voltage stabilization 
problems. Included are types that 
provide low harmonics in the out- 
put wave, regulation of electronic 
plate and filament voltage supplies, 
and lower-cost regulation for house- 
hold appliance service. 


L 


LATEST ADDITION are these filament- 
voltage regulators in capacities up to 25a at 
6.3v. Capacitor, at right, is wired separately 
from transformer for most compact mount- 
ing of the assembly as component in manu- 
facturers’ product. 


Your letterhead request for “The 
Sola Constant Voltage Transformer 
—Theory of Design and Operation” 
will bring answers to your technical 
questions about the operation of the 
Sola regulator. This monograph in- 
cludes a discussion of special adap- 
tations of the basic-design voltage 
regulator. Specific information about 
transformer availabilities for your 
particular “component” or “end 
use” applications may be obtained 
promptly from your nearest district 
sales engineer. He’s listed below. 


Consiant Voltage 


TRANSFORMERS 


ar vost aes | TRANSFORMERS e pier ine rR aweronanees e CONSTANT VOLTAGE DC POWER SUPPLIES 
icrric co. Chicago 50, Illinois, Bishop 2-1414 © BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansas City, 


<3 \n abe Calif.; New York, N. Y.; Philadelphia, +n San Francisco, Calif.; 


Wallingford, Conn. 


. Representatives in Other Principal Cities 


Sola Electric (Ceneda) Ltd., Toronto 17, Ontario: 102 Laird Drive, Mayfair 4554 
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Solving Flow Control Problems 
Graphically 


The graphical technique for solving liquid flow control problems developed 
by Author Martin worked so well in his plant, and in the plants of affiliated 
companies, that he agreed to detail the procedure for Control Engineering 
readers. Essentially, Martin’s method is to simultaneously plot the charac- 
teristic curves of the valve, pump, and pipeline losses in the flow system. 
From this plot, he can then size a valve, select the best valve characteristic, 
and investigate what changes to make in the piping and pump. 

So far, the graphical method has been used to indicate flow system 
changes needed to increase maximum flow. Further work is being done to 
predict the best valve characteristic for any application, and to adapt this 
calculation method to steam and gas flow problems. The method may be 
extended to include level, pressure, and some temperature control problems 
by inserting the appropriate functional relationship between flow of material 


and its effect on the measured variable. 


G. A. MARTIN 
Canadian Chemical Co., Ltd. 


The control engineer is often faced with the prob- 
lem of sizing a control valve for a process flow line. 
Usually, the hydraulic calculations required to com- 
pletely define valve, process line, and pump behavior 
involve tedious trial and error methods. As a result, 
these calculations are not often performed, although 
they should be for adequate analysis. The sizing 
method demonstrated here presents a graphic sale- 
tion which includes the control valve characteristic 
curve, the pump characteristic curve, and the pres- 
sure drop of the line at any flow rate. This method 
reduces the majority of curves to straight lines and 
minimizes calculations and point plotting when the 
vertical axis is provided with a square-root scale. 

The control valve flow characteristics are graphi- 
cally presented as a family of curves with: 

> flow rate on the vertical axis 

> pressure drop through the valve on the hori- 
zontal axis 

> percent of valve opening as the parameter defin- 
ing the individual curves of the family 

Two examples demonstrate the graphical tech 
nique. The first is an actual problem encountered 
in plant operations of increasing maximum flow 


with a constant-head pump. The second problem, 
synthesized from the first, demonstrates the effects 
of a variable head pump on flow control. 


Increasing maximum flow rate 


The control valve on this service, a 2-in. double 
ported equal-percentage valve characterized by Fig 
ure 1, was operating wide open at the existing flow 
rates so that the process was no longer under close 
control. The flow system includes a 20-hp pump 
designed to deliver 600 gpm at 48 psig; an 8-in. main 
header of 509 ft equivalent length; some 4-in. piping 
at the pump discharge of 52 ft equivalent length; 
a 3-in. takeoff line from the header of 183 ft 
equivalent length; and 2-in. reducers and stub ends 
around the motor valve of 6 ft equivalent length. 
The main header carries approximately twice the 
flow of the 3-in. takeoff line. The maximum 
flow rate through the system, with the valve wide 
open, was 150 gpm. It was desired to increase the 
maximum flow rate to 200 gpm. 

Table I presents the pressure drops around the 
flow system at two arbitrarily chosen flow rates. The 
total pump head P, is distributed through the SyS- 
tem as follows: 


P, = Py + SPs + AP. + AP, 
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pressure— ~ »! 


Flow rote, x 25 gpm (Squore root scale) 








FIG. 1. Flow characteristics tor 
a 2-in. equal-percentage con- 
trol valve combined with the 
pipe friction (load line) curve 
produced by original process 


piping. 








5 


me oben 2 


where: P, is the back pressure at the pipe discharge 
nozzle 
AP, is the head loss due to line restriction 
AP,, is the head loss due to control valve 
AP, is the difference in elevation between 
pump and pipe discharge point 
In the present problem the discharge pressure re- 
mains constant over the narrow range of flow to be 
considered because the pump was originally designed 
with excess capacity to provide for future expansion. 
This constant head was measured at 42.0 psig, which 
is less than rated output pressure and suggests a worn 
rotor. The line.discharge nozzle pressure P» was 
measured at 9.0 psig. The discharge nozzle is 35.5 ft 
above the pump—with a liquid of 0.9 specific gravity 
this represents a pressure difference of 13.0 psi. 
Substituting these measured values in Equation 1] 
yields: 


Table |. 





Valve press drop x 2.5 psi, AP, (Linear scale) 


42 = 9.0 + AP; + AP, + 13, or 
AP, = 20 — AP; 

The next step is to plot the system load line, which 
shows the system flow rate O as a function of valve 
pressure drop, in this case O vs. (20—AP,). Table I 
contains two sets of O and AP; values from which 
corresponding AP, values can be determined. A third 
point, O = 0 and AP, = 0, is also available. Table I] 
restates these calculated points on the load line, and 
the load line itself is plotted in Figure 1 (line A). 

The intersection of the load line with the valve 
characteristic for 100-percent-open at a chart reading 
of 6.13 & 25 = 153 gpm gives the maximum possible 
flow through the system. (This graphical construc- 
tion verifies actual flow rate measurements made on 
the system.) Corresponding flow rates for other valve 
positions are obtained from the intersections of the 
valve-percent-open curves and the load curve. They 


PRESSURE DROPS AROUND FLOW SYSTEM 





Flow rate—200 gpm 
(400 gpm in header) 


Pipe diam., Equivalent Total AP, 


7.51 


Total Line Loss | 11.94 
Orifice plate 200-in. at 200 gpm 7.30 


Total loss due to line restrictions, AP, 





19.24 





* Flow rate—100 gpm 
., (200 gpm in header) 


AP per AP per 
in. length, ft 100 ft* psi 100 ft 
8 509 0.127 [0.65 0.03 
4 52 3.67 1.92 1.02 
3 183 3.97 17 27 1.14 
2 6 35.0 2.10 








Total AP, 
psi 
ao Table Il. LOAD LINE 
0.17 
0.53 
2.08 
0.45 Flow rate APy AP, 
bat Gpm psi psi 
3.20 
0 0 20.0 
1.82 100 5.0 15.0 
5.05 200 19.2 0.8 














* Data published by Crane Co. 
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FIG. 2 A—The response of the flow process to control by the equal-percentage valve used 
in Figure 1. It is assumed that flow measurement is made with a square-root type sensing 
device. The flow characteristics for a linear and an ideal control valve are also shown. B— 
Similar to A, but measured with a linear sensing device such as a rotameter. 


have been plotted in Figure 2A, which represents the 
response of the measured variable (flow) to the cor- 
rective action of the controller (valve stem position). 
The square-root flow scale represents the process as 
seen by a controller connected to an orifice-type 
sensing device. A linear-type sensing device would be 
represented by the same points plotted on linear 


coordinates as shown in Figure 2B. These figures also 
show the flow characteristics for a linear control valve 
and an ideal control valve. An ideal valve could be 
defined as a valve whose throttling characteristics, 
when combined with the process characteristics, re- 
sult in a control loop possessing constant gain. 

Two facts become apparent from Figure 2A: 





FIG. 3. Flow characteristic for 
a 3-in. linear control valve 
combined with several im- 
proved piping arrangements. 
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Flow rate, gpm 


1. The present 2-in. valve is too small, 


even at wide-open position it restricts maximum 
flow to 150 gpm. 

2. The shape of the equal-percentage valve char 
acteristic indicates that this valve is not the best 
choice (compared with the ideal curve) because the 
controller gain at small flow rates would have to be 
set much higher than at large flow rates. 

The first practical change to make in the flow 
system, then, is to replace the 2-in. equal per 
centage valve with a 3-in. linear control valve. 
Figure 3 includes the plot of the characteristics of 

the 3-in. linear valve and the original load line, 
(A). The 100-percent characteristic intersects the 
original load line at 7.5 & 25 = 188 gpm. This does 
not meet the new requirement of 200 gpm. How 
ever, using a 3-in. valve eliminates the need fot 
the 3-in. by 2-in. reducers and the 2-in. stub 


since 


FIG. 5. Flow characteristic for 


a 3-in. linear control valve 
combined with pipe friction 
curve and variable-head pump 


discharge pressure curve. 


Flow rate x 25 gpm (Square root scale) 


FIG + Pum} haracteristi 
demonstrating a variation in 
discharge pressure as flow rate 


Increases 


ends, and the pressure drop attributable to them 
becomes zero. Then a new load line (B) can be con 
structed, as shown in Figure 3, which intersects the 
100-percent-open. valve characteristic at 198 gpm. 
‘his flow rate almost meets requirements but leaves 
no reserve capacity for control of process fluctuations. 
I'he next step is to see what can be done about 
increasing pump head. ‘The pump at present has a 
trimmed impeller that can be changed to a larger 
diameter. ‘This modification increases the head by 
5 psi so that AP, equals 25 when O equals zero, as 
shown by the new origin for the load line (C) in 
Figure 3. ‘This new load line intersects the 100-per 
cent-open valve line at 8.89 25 = 222 gpm, which 
exceeds the new flow requirements of 200 gpm but 
does not leave too much flow controllability. 
Another saving in pressure drop can be accom 
plished by resizing the orifice meter from 200-in. dif 


20 percent 





A] 10 percent 





drop x 25 psi 


RSF 


+ Pie eR 





terential operation to 100 in. At 200 gpm this reduces 
the pressure drop by 3.6 psi, with the corresponding 
load line D intersecting the 100-percent-open valve 
at 9.67 *« 25 242 gpm. The system now satisfies 
all requirements. 

The total effect of all changes results in a maxi 
mum flow rate of 240 gpm, with good control at 
200 gpm. The major changes required: replace the 
2-in. equal percentage valve with a 3-in. lin- 
ear valve; re-range the flow meter to operate with 
100-in. maximum differential pressure across the 
orifice; and refit the pump impeller to give a 48 
psi discharge pressure (104-in. instead of 10-3/16 
in. impeller.) 


FIG. 6. Flow control charac 
teristics for a 3-in. linear 
valve shows the greater de 
viation from linearity for the 
variable-head curve, since the 
maximum flow rate has of 
course been reduced by the 
decrease in total head available 
at the high flow rates 


E 
2 

: 
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Variable-head Pumps 


In the previous problem the pump discharge pres- 
sure remained constant over the flow range of inter- 
est, with the result that the load line was linear 
when plotted on square-root paper. In this second 
problem the pump discharge pressure varies with 
flow as shown in Figure 4. This means that the load 
line must be corrected at each flow rate to accommo- 
date the variation in discharge pressure. 

To simplify the graphical analysis most of the 
conditions derived in the first problem will be re- 
tained here: 

PAP, 13.0 psi and P2 = 9.0 psi 


> AP,, the pipe line pressure drop, will be that 
finally arrived at in the first example, namely load 
line D in Figure 3 

Equation 1, the distribution of the pressure drops 
through the flow system, can be rearranged to 


») 


(AP, + APy) P, 9.0 13.0 P 22.0 (2 
Kquation 2 can now be evaluated at various flow 
rates from Figure 4 and the results plotted as the 
curve “Net pump discharge pressure” in Figure 5. 
In the first problem the pump head was constant, 
which made 20 psi available at all flow rates for 
friction head loss and valve head loss. Now, how 
ever, the pressure drops available for these losses 


vary with flow rate. ‘The correction to the load line 
is made by noting at each flow rate whether the net 
pump discharge pressure is larger or smaller than 20 
psi and adding or subtracting, with a pair of dividers, 
this deviation to the original load line. An example 
of this is shown in Figure 5 at 200 gpm by lines A. 

Intersections of the corrected load line and the 
valve characteristic curves give the response of the 
flow process to controller signals. Figure 6 shows 
that the control curve for the variable-head pump 
arrangement deviates further from linearity than 
does the corresponding plot for a constant-head 
pump obtained from Figure 5, by taking intercept 
points along the uncorrected load line 
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VELOCITY-DISPLACEMENT 
TRANSFER MECHANISM 
eases materials-handling problems 


The rapid transfer of a heavy workpiece from one location to another 
requires large forces for acceleration. But the resulting shock on the mass 
and its supporting structure creates detrimental oscillations and noise. The 
authors experimented with a transfer mechanism that uses velocity feedback 
and a choice of alternate acceleration-time programs to keep the forces 
under close control. They describe the closed-loop control system and 
programmed cams that serve as command signals, and show test results. 


JAMES B. RESWICK, MIT, and 
JUSTIN WRIGHT, Jones & Lamson Machine Co. 


Many machine tool processes require automatic 
rapid transfer of heavy workpieces between stations. 
As transfer rates increase to reduce transfer time, 
the forces for accelerating and decelerating the mass 
being moved must also become greater. However, 
larger forces can only be used so far: limiting effects 
are the oscillations and noise caused by the sudden 
application of forces on the compliant structures 
supporting the transfer mechanism. 

Many configurations of mechanical and_hydro- 
mechanical transfer devices can control the accelera- 
tions and velocities in the transfer cycle, but they 
frequently use open-ended on-off control and require 
hydraulic buffering chambers. Also, it is often diffi- 
cult to design mechanical linkages that yield the 
ideal characteristics of zero acceleration at the begin- 
ning and end of transfer. 

These effects—oscillation and noise, and transfer 
design drawbacks—can be reduced by close control 
of the forces developed in moving a mass a given 
distance in a given time. Experiments were car- 
ried out to develop a velocity-displacement transfer 
mechanism that could give continuous predeter- 
mined control of velocity and acceleration over the 
entire length of transfer. The mechanism contains 
a cam program of desired velocity vs. mass displace- 
ment. ‘The program acts as the input to a closed- 
loop system, which thus seeks continuously to reduce 
the error between the programmed velocity and the 
actual velocity of the moving mass. By comparing 
the output velocity with the command velocity the 
system produces an acceleration (or deceleration) 
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which is a function of the velocity error. Careful 
consideration of design parameters, together with a 
flow-control valve with a fast response, assure a mini- 
mum velocity error and adherence to the acceleration 
and deceleration programmed on the cam. Figure ] 
shows the actual experimental device. 


The closed-loop system 


Figure 2 shows schematically the impor.ant sys- 
tem components. A four-way directional valve di- 
rects a constant-pressure hydraulic supply to a fluid 
motor. The fluid motor drives a pinion-and-rack 
combination and the rack directly drives the mass, 
which is mounted on rollers and supported by paral- 
lel bars. Flow out of the fluid motor is directed 
back to the four-way valve and from there to a flow 
control valve; then the fluid is returned to a tank. 

The loop is closed through the programmed 
velocity-displacement cam. The cam moves with 
the mass and the cam slide feeds back to the flow. 
control valve downstream orifice (orifice 2 in Fig- 
ure 2) an angular position as a function of mass 
displacement. Orifice 2 meters the flow out of the 
hydraulic circuit and hence controls the velocity of 
the moving mass. Thus, the actual position of the 
mass at any time during the cycle determines what 
the mass velocity should be at that time. 

The flow delivered by the fluid motor to the flow- 
control valve through inlet orifice 1 is compared 
continuously with the flow asked for by the angular 
position of outlet orifice 2. The compensating pis- 
ton continually adjusts the area of orifice 1 (by 
changing dimension y) to keep this flow error small, 
and thus causes a rate of change of inlet flow (accel- 
eration), which is a function of this error. 

Orifice 2 in the flow-control valve is completely 





_ 


FIG. 1. Closeup of the actual experimental device. 
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FIG. 2. Schematic of the closed-loop system showing important com 
ponents and an enlarged view of the inside of the flow-control valve. 
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FIG. 3. Acceleration vs. time curves of four cam programs 


FIG. 4. Velocity vs. time curves for the four 
acceleration functions of Figure 3. 


FIG. 5. Velocity vs. displacement curves for deriving 
the cam profiles which serve as commands for the 
closed-loop transfer mechanism. Figure 5 is obtained 
from Figure 4 by eliminating the time variable 


closed at the beginning and end of each cycle, and 
can only be opened by a small increment of dis 
placement. Once the mass is given even a minute 
displacement, however, hydraulic flow in the system 
is self-regulating according to the program on the 
cam. This initial displacement is accomplished by 
a by-pass path around the flow-control valve to the 
tank. The resulting flow, controlled by adjustment 
of the needle valve in the by-pass line, causes the 
fluid motor to rotate slightly and move the mass at 
the very start of transfer motion. In actual produc 
tion models of the transfer mechanism, the by-pass 
would also allow full system pressure to hold the 
mass firmly against the end-point stops while me 
chanical fingers load and unload the workpieces. 


Designing the program 


In designing cams for this mechanism the ideal 
theoretical shapes for four particular acceleration 
functions were considered. ‘These are shown in 
Figures 3, 4, and 5. In each of these figures: 

> curve A is a cosine acceleration with the axes 
displaced so that the function has a zero derivative 
(zero acceleration or force at the start) 

> curve B is a pure sine acceleration 

> curve C is a constant acceleration square wave 

> curve D is a constant slope acceleration 


CAM FORMULAS FOR ACCELERATION FUNCTIONS 


~ 
| 





Curve Acceleration 
Letter Function 














* Equation is for first halt of cycle only 
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With each of these functions the same transfer dis 
tance is traversed in the same time. 

Figure 3 shows the four acceleration vs. time 
curves and Figure 4 shows their corresponding 
velocity vs. time curves. The curves of Figure 4 
are converted to the velocity-displacement cam pro- 
files shown in Figure 5. The sine wave and square 
wave acceleration curves are relatively easy to gen- 
erate in either exact or approximate forms, using 
the usual mechanical linkages. Mechanical genera 
tion of the cosine and triangular acceleration func- 
tions (curves A and D) are more difficult: Curves 
A and C represent the extremes of accelerations that 
can occur at the beginning and end of the transfer 
cycle: zero acceleration for the cosine function and 
maximum acceleration for the square-wave func 
tion. For these reasons curves A and C were 
chosen for experimental cam profiles, although with 
the closed-loop system and the velocity-distance 
cam, all acceleration wave forms are equally easy to 
generate, 

Before reviewing test results, it may be worthwhile 
to summarize the general procedure for developing 
the cam profiles. The table contains the cam for 
mulas for the four acceleration functions. Maxi 
mum acceleration a, the angular velocity of the func 
tion », and the time for one-half the transfer cycle 
T are determined from the mechanism design 
parameters. A table of values for * (velocity) for 
various time increments and a table of values of x 
(distance) for the same increments of time are 
computed. <A cross-plot of velocity vs. distance, 
which eliminates the time variable, results in the 
cam profile. 

The actual layout of the physical cam requires 
conversion of the command velocity to its equivalent 
angular position of the variable orifice, and relating 
this angle to the corresponding value of displace 
ment. ‘This may involve nonlinear relationships 
between angular position, flow, and velocity, which 
can be accounted for graphically. In the present 
case, however, the relationships are essentially 
linear, making the conversion straightforward. 


Test results 


The particular flow-control valve used in the tests 
was limited to a maximum flow of 57.8 in.3/sec and 
this flow through the fluid motors limited the maxi 
mum velocity of the mass to 70 in./sec. The trans 
fer distance was established at 42 in. Cams repre 
senting the extremes of the acceleration function, 
curves A and C of Figure 3, were constructed. 
Simultaneous recordings were made of the velocity 
of the moving mass and the vibration and shock on 
the structure. The velocity was measured by driving 
a de generator attached to the mass through a rack- 
and-pinion. Vibration and shock were measured 
with strain gages. 

Tests results are shown in Figure 6 for the cosine 


FIG. 6. Test results for the cosine acceleration program 
FIG. 7. Test results for the square wave 
constant-acceleration) program 


velocity function and in Figure 7 for the square-wave 
velocity function, which can be compared with the 
ideal functions shown in Figure 4—taking into 


account the different scale factors. ‘The ripple in 
the velocity test plots is due to the electrical charac 
teristics of the de generator and not to any char 
acteristic of the hydraulic system. ‘The sharp peak 
identified by an asterisk) in the structure test re 
sults is due to the sudden release of a steep angle 
cam follower required in the experimental setup. 

The gradual change in velocity in Figure 6 at the 
beginning and end of the motion of the cosine func 
tion as well as the broad curvature in the middle of 
the cycle are the true characteristics of the cosine 
velocity curve from which this cam profile was 
derived. Figure 7 shows the near-straight-line veloc 
ity-time plot that characterizes the square-wave 
acceleration function. Together, these velocity plots 
demonstrate that the experimental velocity-displace 
ment transfer mechanism is capable of reproducing 
rather faithfully either extreme of the acceleration 
functions on a moving mass. 

Note the relative smoothness of the shock pattern 
on the structure for the cosine function in Figure 6 
and the noticeable peak at the end of the transfer 
motion in the shock pattern of Figure 7. The 
cosine acceleration function appears to be much 
smoother in its action, as was to be expected, than 
the square-wave constant acceleration function. 
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Control Problems 


Solved by Magnetic Amplifiers 


The magnetic amplifier has come to be accepted as 
a basic control element in much the same way as the 
vacuum tube, although the two have quite different 
properties. Since both are essentially amplifiers, some 
overlapping in their fields of application is inevitable. 
However, this does not mean that one must compete 
with the other. The magnetic amplifier should be re- 
garded as an additional tool in the hands of the control 
engineer, to be applied whenever its special features can 
be exploited to advantage. 

Often the solution to an engineering problem becomes 
a somewhat finely drawn compromise between conflict- 
ing factors. One scheme may be chosen in preference 
to another on the basis of perhaps just one or two 


Engineers are still finding more uses 
for magnetic amplifiers. On the follow- 
ing pages, the author describes six in- 
teresting applications his company has 
found for these rugged control elements. 
Each description is presented as the solu- 
tion to an actual control problem. As a 
basic control element, says Maine, the 
magnetic amplifier complements rather 
than replaces the vacuum tube, partic- 
ularly in more complex problems. 


particular features. 
sider a few of the more interesting applications of mag- 
netic amplifiers, and attempt to justify their use, 


A. E. MAINE 
The DeHavilland Aircraft of Canada, Ltd. 


The rest of this article will con- 


1. AIRCRAFT PROPELLER SYNCHRONIZER 


Problem 


A need had arisen for a simple and reliable means of 
synchronizing the propellers on a large four-motored 
turbo-prop airliner. Signals had to be obtained from the 
existing three-phase engine tachometer generators with- 
out interfering with their normal operation. Available 
power supplies for the synchronizer were the 400-cps 
aircraft supply and the 28-vdc battery line. Propeller 
speeds had to be manually adjustable when the auto- 
matic synchronizer was switched out. 


Solution 


Each engine/propeller installation was equipped with 
a spring-opposed fly-ball speed governor. By means of 
an associated hydraulic amplifier in the propeller hub, 
speed was regulated to within fine limits by automatic 
adjustment of the propeller pitch angle. With this 
system, any change of engine power or aerodynamic 
loading produces a momentary unbalance in the me- 
chanical governor, resulting in a pitch angle change to 
re-establish the set speed. The propeller speed data was 
set by means of adjusting the tension on the governor 
spring in the fly-ball unit. In smaller aircraft, a me- 
chanical linkage is usually employed between the pilot’s 
rpm levers and the control spring in each mechanical 
governor. But such linkages have serious drawbacks in 
the case of large aircraft, notably excessive weight and 
random speed fluctuations caused by wing flexing. For 
these and other reasons, propeller speed is normally 
adjusted by an electrical actuator in the governor as- 
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sembly. Any slight differences in speed between the 
engines of a large aircraft produce strong acoustical 
“beat” effects, which apart from being objectionable to 
passengers impose unnecessary stress on the aircraft 
structure. To avoid making continuous adjustments to 
the rpm lever settings, a synchronizer is required. 

The first design problem was to find a de motor for 
the actuator unit which could be readily controlled 
either by manual means or from the proportional out 
put stage of the synchronizer. The final choice was a 
step motor of the sort equipped with a permanent- 
magnet armature and a three-coil distributed stator not 
unlike that of a three-phase induction motor. For 
manual control, the motor windings are joined to a 
small motorized transmitting switch, and when this is 
supplied with dc the motor follows the movements of 
the switch brushes both in speed and direction. Full 
torque is maintained down to stand-still. The principle 
of this simple control scheme is illustrated in Figure 1A. 
In order to provide full torque at the motor shaft a 
power of 13 watts “per phase” was found to be needed 
and this determined the rating of the output stage of 
the synchronizer. 

An essential part of any synchronizer is the error 
detector, and in the present application advantage was 
taken of the ancient method of interconnecting a group 
of three lamps between the phases of two alternators. 
When the two machine speeds are identical, the lamps 
glow at constant (though not necessarily the same) 
brightness, but if one machine is faster than the other 





a “wave” of light circulates around the lamp group at 
the difference frequency. In the case of the propeller 
synchronizer, the lamps were replaced by bridge recti 
fiers and the alternators by the engine tachometer gen 
erators. Provision was made for selecting any engine 
as a “master”, the remaining power plants operating as 
slaves. The de voltages developed by each group of 
rectifiers constitutes a three-phase error signal at the 
difference frequency, and although a de component 
and harmonics are also present, their effect can be made 
negligible. Of particular importance is the fact that the 
phase-rise sequence of the error signal is determined by 
whether the slave is faster or slower than the master. 

To complete the synchronizer loop (for one channel) 
a suitable three-phase amplifier was required to boost the 
error signal to a level sufficient to fully excite the step 
motor in the slave actuator. Here, the magnetic ampli 
fier was found to be particularly well suited for the 
purpose for three reasons: (a) high-order reliability, 
(b) ability to shape the signal waves, and (c) easy 
accommodation of a long time constant. 

The last two factors require some further explanation. 
Ihe matter of shaping arises because the three-phase 
error signal is highly distorted and corresponds closely 
to trains of half sinusoids mutually angled at 120 deg; 
if a conventional presaturated amplifier is used and 
biased into the top bend of the transfer characteristic, 
the amplifier output closely corresponds to a sine wave 
for the sort of input signal mentioned. A substantial 


time constant is required so that amplifier output auto 
matically falls to a low value, preventing the actuator 
motor from running if the difference frequency becomes 
high. For example, it would be danger if the master 
engine was shut down because of some emergency and 
the slaves tended to run down to minimum at the same 
time. Equally, a sudden master engine rspeed could, 
without the limiting feature, also cau 
dition. The magnetic amplifiers selected were 
equipped with a short-circuited damping coil, designed 
so that the limiting action set in for a 
was a few percent different from normal cruise rpm 

The arrangement of one complete synchronizer chan 
nel is shown in Figure 1B. Note that th 
amplifier consists of a group of thre ventional pr¢ 
saturated units, each associated with one limb of the 
error detector and one phase of the actuator motor. The 
constant de component of each amplifi yutput plays 
no part in the synchronizing proce but the three a 
components (at the difference frequency and substan 
tially sinusoidal in form) operate step-moto1 
smoothly. This behaves something lik near-stalled 
synchronous induction motor responding down to zero 
frequency, its movements adjusting th 
governor spring in such a way that th 
quency tends to zero at all times 

The magnetic synchronizer just described has been 
fully flight-tested and is presently in service in some 
types of the British Bristol Britannia 
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WHY MAGNETIC AMPLIFIERS? 


To assess the usefulness of the magnetic amplifier 
in particular engineering problems, it might be well 
to review its general operating characteristics and 
compare them with those of the vacuum tube. 

First, in contrast to the vacuum tube, the mag- 
netic amplifier is essentially a low-impedance device 
with respect to both its input and output circuits. 
For this reason, interest centers around power ampli- 
fication rather than voltage gain. Furthermore, un- 
like the vacuum tube, which except for very high 
frequency operation may be regarded as _ being 
dynamic-free, the magnetic amplifier characteristically 
has a time lag associated with it. In many cases this 
delay is close to a simple exponential or first-order 
lag, and is due to the fact that the average core flux 
level is set by the time integral of the signal voltage. 
In simpler terms, the signal circuit has an induc- 
tive/resistive nature and behaves as a simple L/R 
time constant in the forward path of the amplifier. 

Not to be overlooked either is the fact that the 
magnetic amplifier is a “carrier” and not a continuous 
form of amplifier element. The proportionality ob- 
served between output.and input quantities must be 
averaged over one cycle of the ac supply used to 
excite the gating circuits. Analysis of magnetic 
amplifiers reveals a systematic relationship between 
power amplification and time constant. This rela- 
tionship operates in such a way that the greater the 
power gain, the longer the time constant in terms 
of an equivalent number of cycles of the ac supply. 
For high gain and short time constants, the excita- 
tion frequency must be as high as possible. Fre- 
quencies in the mid-audio band are not uncommon, 
and some greater than 20 ke are occasionally en- 
countered in magnetic amplifier practice. However, 
these frequencies not only complicate the power gen- 
eration problem, but are also apt to cause a sharp 
drop in performance due to worsening core prop- 
erties and capacitive effects. 

Some mention should be made of “high-speed” 
or quick-response magnetic amplifiers. These types 
give complete response in as little as one-half cycle 
of the ac supply. With these amplifiers the time 


constant changes from the form M/(1 + pt) to 
K. (1 + jw) T; i.e., a fixed time delay is introduced in 
place of the simple lag. However, because of the 
time-lag/power-gain relationship mentioned earlier, 
quick-response amplifiers have low power gains. 

The name “magnetic amplifier” must be regarded 
as a generic term referring to a wide range of individ- 
ual types. The introduction of hybrid versions and 
the use of different forms of feedback exténds the 
variety even further. In general, magnetic ampli- 
fiers can be made to deliver ac or de currents or 
voltages to the load element and respond to ac 
and/or dc currents or voltages applied to the contro] 
terminals. Many of the simpler types of amplifiers 
respond to the algebraic sum of several signals ap- 
plied to electrically isolated, but dynamically coupled, 
control coils. In this respect, they offer a simple 
means of signal mixing that is difficult or impossible 
to realize with vacuum tubes. Other types are es- 
sentially phase-sensitive power amplifiers or modu- 
lators. These have wide application in the field 
of motor control, Two other general features: 1) there 
is virtually no operating delay when the power is 
turned on, and 2) no power pack is needed for excita- 
tion provided an ac supply is available. 

On the mechanical side, the modern magnetic 
amplifier with potted coils and silicon rectifiers repre- 
sents an extremely rugged and reliable unit, needing 
little or no adjustment or maintenance. It can 
operate in highly unfavorable ambient conditions, 
and is unaffected by substantial shock or vibration. 
In general, magnetic amplifiers can be engineered to 
meet the full rigors of military testing as applied to 
sealed transformers which, of course, they closely 
resemble. Finally, their operation is little affected by 
powerful ionizing radiations, so long as the insulation 
used in the coil construction is not destroyed. 

To emphasize the fact that the magnetic amplifier 
complements rather than competes with the vacuum 
tube and transistor, there are many situations where 
the magnetic amplifier working with these other 
elements produces a result that could not be realized 
so effectively using a single element type. 





2. AC SERVOMOTOR AMPLIFIER 


Problem 


A small, high-performance electric servo used for 
repeating a shaft position in an airborne fire control 
svstem was found to be satisfactory in all respects except 
that the electronic/saturable-transformer motor-control 
amplifier was too bulky and the servo slightly under- 
damped. The problem therefore was to produce a more 
compact amplifier and improve the system damping. 


Solution 
The servomotor employed was a Bu Ord. Mk. 16 


> 


requiring 3 watts of control power at 400 cps, and the 
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signal source was a size II control transformer. Setting 
accuracy considerations indicated that the amplifier 
had to deliver full power to the motor for an error 
signal of 100 mv. A fully transistorized amplifier was 
ruled out because of the relatively high-priced silicon 
units needed to meet the required temperature range. 
Furthermore, owing to a preformed cable harness in 
the aircraft it was inconvenient to change the supply 
to the unit from 400 cps single phase to 28 vde. Power 
gain of the quick-response servo selected is relatively 
low (tvpical value, 200) necessitating one or more pre- 
amplifier stages to drive it. A design study indicated 
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that to secure the total gain using only magnetic stages, 
the overall unit would be at least as bulky as the one it 
was replacing. 

These considerations led to the final arrangement 
adopted, and this consisted of a magnetic power stage 


controlled by a single silicon transistor preamplifier. 
lhe complete circuit diagram of the packaged servo 
amplifier is shown in Figure 2A. The inductive bridge 
to the right constitutes the half-cycle response amplifier 
gating (or load) circuit and takes the form of two 
reactors, each carrying a pair of load coils working in 


conjunction with a group of silicon rectifiers. In the 
absence of a signal, the bias arrangements to the left 
of the core symbols cause each reactor to fire in turn 
at an electrical angle of about 80 deg. The motor 
consequently receives a dc component together with a 
series of harmonics, the fundamental being completely 
suppressed. Without the fundamental, the motor 
will not run. 

A signal applied to the core system, in one phase 
relationship, differentially adjusts the two core fluxes so 
that there is earlier firing in one half-cycle and later 
firing in the next one. This produces an output at 
fundamental frequency roughly proportional to the 
degree of flux unbalance and the motor now rotates 
accordingly. Reversal of the signal phase causes the 
two cores to exchange their firing angles, the phase of 
the fundamental component of the output becoming 
inverted, and the motor rotates in the opposite direction. 
Of particular interest is the fact that whenever a signal 
is present, the dc component is reduced. Consequently, 
when the servo system runs towards a balance, an in- 
creasing dc component is applied to the motor to provide 
an effective form of dynamic braking. This improves 
system damping. 

Turning to the magnetic amplifier contiol circuit, it 
is seen that a single transformer provides bias, blocking, 

















and B+ for the transistor stage. The ac bias is taken 
from the transformer outers to the first taps. The inner 
most windings, used in conjunction with rectifiers W3 
and W4 and resistor R,, provide blocking of induced 
voltages from the load circuit. This blocking circuit is 
something in the nature of a refinement, but it keeps 
the circulating currents out of the control source and 
reduces the peak voltages handled by the transistor 
collector. 

The transistor preamplifier is a conventional grounded 
emitter stage with considerable current degeneration 
adjustable externally to the unit, so that loop gain may 
be preset over a range of 10 to 1. This permits some 
measure of system optimization. The internal fixed 
emitter resistance maintains an input impedance close 
to 10,000 ohms. 

A coupling transformer separates the magnetic 
amplifier from any de drifts that may occur, and more 
important, permits the magnetic amplifier control im- 
pedance to be properly matched to the transistor for 
maximum power transfer. The tendency for a dc 
component to be established in the transformer core 
is largely eliminated by connecting the primary and 
secondary so that the de components in each winding 
cancel one another. Figure 2B shows the packaged proto- 
type unit. All wiring is by way of printed circuit plates 
and vertical risers, and apart from the small coupling 
transformer, toroids are used throughout. Rectifiers 
and the one transistor are silicon types and the whole 
unit is filled with Sylastic compound and sealed in a 
cylindrical can with a glass-sealed plug-in base. The 
final unit weighed 5 oz and had only 40 percent of the 
bulk of the previously used amplifier. 

Tests performed at 100 deg C showed that the de- 
sign has been met. The unit has been working satis 
factorily in an experimental fire-contro] application for 
some months, trouble-free and without adjustment. 
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3. HIGH-SPEED CONTROLLED MOTOR-GENERATOR 


Problem 

A small, high-frequency generator giving 250 va 
output and provided with a fast-acting 1-percent fre- 
quency control was needed in a portable form for field 
use. Drive means was a j-hp separately excited dc 
motor, and the power available, the normal industrial 
three-phase supply. The problem consisted of engineet 
ing a rugged control system. 


Solution 


To secure a rapid response of the system in the face 
of generator load changes and variations of supply volt 
age, it was decided to use armature control of the drive 
motor. The ruggedness requirement precluded thyra- 
trons, so thoughts turned to Ward-Leonard and ampli- 
dyne control methods. Then these schemes were also 
discarded because of the special machinery involved. 
The best solution appeared to involve a static control 
element with dynamics essentially similar to those of 
the thyratron, The simple half-wave Ramey quick 
response magnetic amplifier came very close to meeting 
this requirement, and consequently the family of high- 
speed amplifiers proposed by Ramey was extended to 
provide three-phase, full-wave operation. 

After the dynamics of the new circuits had been 
verified in the laboratory, an experimental three-phase, 
full-wave magnetic amplifier rated at 1 kw output was 
constructed. ‘This had special rectangular-loop §tape- 
wound cores, 64 in. OD and 14 in. axial iength. Fiber- 
glas core boxes, $ in. thick, were made on a simple jig 
and the cores hand-wound with suitable load and con- 
trol coils. An identical but very much smaller amplifier 
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was constructed as a driver to the power stage and the 
two coupled in cascade using a modified, current-fed 
diode-coupling method proposed by Ramey. When 
the two-stage unit was tested, using a resistive load, a 
power gain of 16,000 was recorded for a one-cycle delay. 
l'o complete the speed control amplifier the drive stage 
in turn was controlled by means of a cathode follower 
and triode amplifier, both functions being provided by 
a single 12AT7 vacuum tube. 

Figure 3 shows the complete circuit diagram of the 
speed control. Observe that the speed reference takes 
the form of a dc-excited tachometer, The dc output of 
this unit is proportional to both speed and excitation 
level, and connecting the speed set demand potentiom 
eter in series with the excitation supply results in a 
compensated system and eliminates the need for a care- 
fully regulated reference voltage and calibrated tach 
ometer. The magnetic driver stage is shown near the 
center of the diagram, and the power stage at the left. 
Che only circuit difference between the two stages is 
the extra group of rectifiers (shown starred) and a cur- 
rent source at the power stage to eliminate an objec- 
tionable blocking action caused by the back emf of the 
motor. The diodes in the control circuit, designated 
W 1, 2, and 3, are signal limiters and prevent excessive 
control currents from building up. Loop gain of the 
completed system was set to 44 db, and qualitatively, 
the control action was found to be rapid and satis 
factorily damped. The drive behaved very much like a 
thyraton setup and remained smooth over a 10 to | 
speed range. Experience with the system indicated that 
much higher powered drives could be obtained. 
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4. EXPERIMENTAL VIBRATION EXCITER 


Problem 

It was necessary to vibrate an aircraft structure at 
four points, using 100-watt moving-coil vibrator units. 
The frequency range extended from 0.5 to 20 cps. All 
vibrators were to be supplied with the same frequency 
but of different relative phases. ‘The main problem was 
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to produce a power amplifier that could be carried by 
the aircraft for in-flight resonance tests of the structure. 


Solution 
The vibration signal source, a relatively simple design 
matter, consisted of a velocity servo driving five syn- 
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chros, each one feeding into phase-sensitive detectors 
ind thus producing sine wave signals at a frequency 
determined by the servo shaft speed. One synchro 
detector output was used as a reference for recording 
purposes, and the stators of the remaining four werc 
made adjustable over 360 deg to provide the required 
relative phasing. Since the highest frequency needed 
was only 20 cps, rugged and efficient push-pull magnetic 
amplifiers were used. The nature of the proposed flight 
tests gave the question of ruggedness more than the 
usual importance and resulted in the selection of the 
three-phase type of amplifier discussed in the previous 
section. Two identical units were joined in the push- 
pull manner. These fed the specially center-tapped 


coils of the vibrator. A suitable three-phase transformet 
with two secondary winding groups was used to feed 
power from the 20-kva, 400-cps aircraft generator to the 
amplifier. Each side of the amplifier was biased to 
operate in Class B and a pair of cathode followers 
coupled each push-pull amplifier to the signal source. 

Initially, only one channel of the system was con- 
structed and this worked satisfactorily. Later, a second 
single-channel unit, uprated to 300 watts output, was 
built and this was used to vibrate a complete twin-turbo- 
jet fighter on the ground. This study plus experimental 
work established the feasibility of this rather unusual 
magnetic-amplifier application. A schematic diagram 
showing the main layout is given in Figure 4. 


5. THERMOCOUPLE AMPLIFIER 


Problem 

An investigation into temperature changes within 
potted electronic circuit blocks during the jelling phase 
demonstrated the need for a stable linear amplifier to 
permit recording the outputs of thermocouples em- 
bedded in the blocks. The maximum temperature of 
100 deg C above ambient to be measured yielded a 
thermocouple signal of 4 mv. An overall accuracy of 
plus or minus | percent under all conditions of line 
voltage and laboratory environment was required. 


Solution 

The nature of the chemical changes going on inside 
the blocks indicated that a measuring time constant of 
several seconds would be acceptable, and it was largely 
because of this that magnetic amplifier techniques were 
chosen. However, the gain, and more importantly, the 
linearity required indicated that a multistage unit with 
overall negative feedback would be needed. Since high 
zero stability was important, it followed that magnet? 
amplifiers with very good inherent zero stability were 
essential. This narrowed down the selection of the 
first two stages to the even harmonic magnetic modu- 
lator amplifier. The circuit arrangement of this type 
is shown in Figure 5; its operation is as follows. 

A series-connected reactor pair is excited from the ac 
line through a limiting resistance, both cores saturating 
at the same angular instant (approximately 90 deg) 
each half-cycle, in the absence of a de control signal. 
Two cross-connected winding pairs, mutually coupled, 
are accommodated on the same cores, one of these 
joined to the control source through a high-valued in- 
ductance, the other pair from the output, or pickoff 


winding. In operation, and under conditions of perfect 
balance, no voltages are induced across the control or 
pick-off windings owing to the crossed connections and 
identical firing angles. 

If a de signal is applied to the control coil, the firing 
instant of one core is advanced and that of the other 
retarded. In the interval between the two firings, the 
structure is unbalanced and a voltage pulse is induced 
across both pairs of crossed coils. The effect of this in 
the control circuit is negligible because of the high 
inductance present; consequently, practically the full 
energy available is directed into the pick-off circuits 
where the output condenser of the peak rectifier system 
is charged up. Time constants here are chosen so that 
an appreciable charge is still on the condenser when the 
next charging pulse comes along. 

This amplifier evidently produces a reasonably smooth 
de output voltage for an appropriate input current. Its 
very high zero stability stems from the fact that there is 
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inherently no standing current for its zero input signal. 
‘Typical power gains are 300 to 1,000 and the time con- 
stant is apt to be two or three times that of an equiva 
lent conventional type. 

Returning to the application under discussion, a 
three-stage unit was constructed, the first two stages 
magnetic modulator amplifiers and the final stage a 
conventional push-pull presaturated type. The modu- 
lator stages, modified with extra rectifiers on the peak 


6. COMPONENT 


Problem 


An extensive component-testing program covering 
the ambient temperature range of 50 to 250 deg C had 
been laid out, and a number of small temperature 
controlled ovens was required. Each was to have a 
volume of 125 cu in. and to be maintained at any set 
temperature to within plus or minus 1 deg C. Owing 
to the need for temperature cycling, it was further 
required that the oven achieve its set temperature as 
quickly as possible. Finally, the ovens had to be capable 
of continuous operation, sometimes for several weeks. 


Solution 

To secure a compact testing facility the ovens and 
their controllers were mounted on standard 19 in. 
panels. An array of these was then rack-mounted. The 
oven itself had a straightforward design and comprised 
a 5 in. cube lagged enclosure contained within a cylin- 
drical can attached to the 19 in. panel. Access to the 
oven was by way of a door in the panel. A gland and 
terminal strips at the rear provided entry of up to 12 
wires to the oven. To reach a temperature of 250 
deg C in less than 10 min required 300 watts. 

A close look at the control problem indicated that 
the key to reliability lay in selecting means for control- 
ling the high current to the oven itself. Relays were 
rejected on the basis of eventual contact failure and 


rectifier circuits, gave a reversible output. The output 
stage was designed to deliver 10 ma into the 300-ohm 
recorder load. Negative-current feedback was applied 
around the whole loop to linearize the input-voltage 
output current transfer characteristic. Dynamic stability 
within the closed loop was maintained according to 
Rough’s stability criterion for three cascaded time con 
stants simply by making the time constant of the power 
stage much longer than those of the other two. 


TEST OVENS 


the discontinuous form of control they provide. ‘Thyra- 
trons, too, were discarded in view of their large size, 
somewhat restricted life, and the complication of 
filament control. A simple presaturated magnetic 
amplifier, having an ac output and using silicon iron 
standard “‘C” cores and conventional winding methods, 
was designed and gave a very satisfactory transfer char- 
acteristic. Figure 6B illustrates its design details. 

When tested, the unit showed a current gain of 280, 
representing full output into the oven heater for 5 ma 
into a control coil resistance of 2,000 ohms. ‘The tem- 
perature error detector consisted of an ac-excited resist- 
ance bridge, one arm taking the form of a platinum 
thermometer element wound noninductively inside the 
oven. With 5 volts rms applied, sensitivity was 4.9 
mv/deg C. Detector output was routed to a simple 
vacuum tube amplifier terminating in a phase-sensitive 
rectifier whose load element was the center-tapped mag- 
netic amplifier control coil. Gain of the electronic por- 
tion of the control loop was set at 400 ma/volts. The 
general control scheme is shown in Figure 6A. 


The author wishes to thank The De Havilland Aircraft of 
Canada, Ltd., for permission to publish this information which 
relates to its developments and products. He is indebted in 
particular to Mr. E. Wall, chief engineer, Guided Missile 
Div., for his active interest and support concerning the vari- 
ous applications described. 
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A company opened bids on a high-speed 
data system and found a 12-to-1 spread in 
cost. The bids ranged from $70,000 to 
$920,000; yet every supplier guaranteed to 
meet the same specifications. 

Such a wide variance in bids is not un- 
usual for sophisticated control applications. 
But it’s a big contrast to procedures in 
established industries where bids rarely vary 
by more than 10 percent. 

Buying a complex control system on bid 
can be very difficult. Cost cannot be the sole 
criterion. Here are some guides to explain 
why bids vary and to help you pick a sup- 


plier in competitive bidding. 


WILLIAM D. BELL, Van Nuys, Calif. 


Because there are so many significant factors besides 
cost in the selection of satisfactory complex control 
systems, purchasing agents who try to buy such  sys- 
tems on a bid basis frequently find themselves in a 
uniquely confusing situation. Proposals may vary as 
much as 2,000 percent, and if the buyer relies strictly 
on price he could make a serious error. 

To illustrate the problem, consider what happened 
recently when a ssiesliies agent sent invitations-to-bid 
to 34 companies for a “test system that accepts trans- 
ducer signals, digitizes and records to computer-com- 
patible tape”. He received 19 replies ranging from a 
minimum bid of $42,000 to a maximum bid of $465,- 
000. These bids varied by over 1,000 percent, yet every 
company guaranteed to supply a system to do the 
same job and meet the same specifications! 

A normal reaction to such a spread in cost quotations 
is to assume that some of the bidders just didn’t know 
what they were doing. Yet every one of the companies 
involved in this example was a well-known, reputable 
organization of impressive size with a long list of ac- 
complishments to testify to its ability. 

In another recent situation, a government agency let 
an R&D contract for a data-handling device that in- 
volved mechanical gadgetry and a small custom-designed 
computer. For developing and building prototype 





equipment, bids ran from a low of $70,000 to a high 
of $920,000. For subsequent manufacturing in produc- 
tion quantities, one company estimated a cost of $10,- 
000 per system; another pegged his cost at $235,000 per 
system, a difference of over 20 to 1! 

To a purchasing agent unfamiliar with the price 
vagaries of sophisticated control systems, such ranges in 
bidding appear incredible. He might compare a 20-to-1 
cost range with the bids received for a new plant build- 
ing—even for a million-dollar building, all bids would 
probably fall within 5 percent of each other. Most 
buyers consider 5 percent to be a reasonable variance, 
but they are bewildered by a variance of 1,000 percent. 

Faced with the responsibility of making a decision 
under these circumstances, some buyers are restricting 
their choice of vendors to follow what they feel is a 
safe course. They will consider only those bidders who 
can demonstrate operating hardware. Based on past his- 
tory, there is strong evidence to support this method 
of choosing a control system. But it is not a complete 
answer, nor is it a satisfactory answer from manage- 
ment’s standpoint. Another buyer approach, occa- 
sionally employed, excludes bidders at the upper and 
lower limits. But again this is not the optimum answer. 

It might be reasoned that accepting a low bid from a 
company would be a real bargain. This is not necessarily 
so, even if the bidder has a reputation for integrity. 

Here’s an example of what can happen if the price 
alone is the ruling factor. A company bought a data 
system to accept analog inputs that are converted to 
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digital form and recorded at high speed on magnetic 
tape. Accuracy, as defined in the contract, was specified 
from the input to the data system to the recorded digi- 
tal output. Actually, the customer was in‘erested in the 
accuracy measured from the transducer to the recorded 
output. ‘Transducers were connected to the data system 
by long lines. Actual operation of the completed system 
showed that noise pickup over these long lines effectively 
masked the low millivolt signals from the transducers, 
destroying system accuracy. As a remedy, filters were 
installed that reduced the bandwidth and eliminated 
much high frequency noise. The filters, however, had 
long time constants, and it was discovered that the 
high-speed switching rates were no longer possible. In 
the end, neither the system speed nor the system accu- 
racy specifications were met. The buyer had purchased 
an inadequate system. 

A far better method is to evaluate accurately all the 
proposals, keeping in mind the problems involved and 
why proposals may differ. Listed below are cost con- 





















































siderations that buyers should understand when apprais- 
ing bids. These are the factors that explain why bids 
vary by 1,000 percent or more. 


1. Bids are not based on the same system concepts 


It is not valid to compare bidding procedure for a 
building with bids for a control system, as was done 
above, because the situations are not similar. All bid- 
ders on a building work to an explicit set of specifica- 
tions and, often, to the same drawing. All bidders know 
how many I-beams of what size they will need, how 
many cubic yards of concrete, etc. Their only real vari- 
ance is their operating efficiency. 

By comparison, control system bids are usually for a 
set of operating requirements: how many inputs, what 
speed, what operations, and what results. Obviously, 
there can be many different possible answers, all capable 
of satisfying the same operating requirements. 

For example, in a business processing system, sup- 
pose data is to be entered from sales slips into a com- 
puter. One bidder might propose using girls to key- 
punch data into cards; another recommends a complex 
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automatic character-sensing device that records on 
magnetic tape. Both systems meet the basic require- 
ments, yet their costs will differ widely. 

Several inexpensive equipments are thus capable of 
doing the same volume of work as a lesser number of 
more costly devices, in many instances. This was the 
case in the second example at the beginning of this 
article. The $235,000 system was 20 times as fast as the 
low-priced $10,000 system; there was little cost differ- 
ence between production units, when properly meas- 
used in terms of number of devices to do the job. 

These examples emphasize the importance of weigh- 
ing the total cost of competing systems; comparison of 
hardware alone may be meaningless unless all other fac- 
tors are considered. 


2. Bids are not for the same quality hardware 


Requests to bid on contro] systems should not 
ittempt to define the hardware to be employed. To 
attempt to do so requires that the buyer knows more 
about computers and control systems than the staffs 
of all bidding companies. Instead, the operating re- 
quirements should be specified. Wide cost variations 
in bids will result, but this cost differential would exist 
even if close definition of hardware was attempted. 

For instance, if a system requires switching, a 79-cent 
relay will perform the same function as a $15 hermeti- 
cally-sealed relay. For vacuum tubes, a bidder who is 
emphasizing low cost can supply tubes that cost 49 
cents, while a reliability-conscious manufacturer will 
employ pretested special tubes that cost $3 each. In 
printed circuits, one manufacturer may use eyelets, 
goldplated contact terminals, and protect the finished 
board with an epoxy dip; another supplier produces 
simple boards without the protective features, costing a 
fraction as much to make yet performing exactly the 
same functional job. 

The buyer must recognize these component differ- 
ences and decide how much they are worth to him. 


3. Bids aim for “over-accuracy” 


In many applications stringent specifications can- 
not be justified. In data-handling systems it is a com- 
mon tule of thumb to specify system accuracy of an 
order of magnitude better than the accuracy of input 
transducers. Thus, a data system that is supposed to be 
accurate to 0.1 percent is tied to transducers whose 
accuracy is plus or minus 1.0 percent. There are appli- 
cations that demand top accuracy where cost is a sec- 
ondary consideration. However, if 1 percent accuracy 
is adequate for a job, specifying a data system accurate 
to 0.1 percent will mean paying a substantial premium 
for the unnecessary accuracy. Only the accuracy really 
necessary should be asked for in the invitation-to-bid. 


4. Bids are not based on the same reliability 


Manufacturers of high-reliability military electronics 
do not trust suppliers’ specs. They conduct their own 
life and performance tests under what they consider tc 
be realistic conditions. Similarly, some suppliers of con- 
trol systems conduct exhaustive component and circuit 
tests, while others do not. One manufacturer uses a 
certain type transistor for a given function because he 
has exhaustively tested 15 different transistors and knows 
what the selected type will do. Another manufacturer 
uses a Certain transistor because its specifications appear 





to be about right without conducting tests. One manu- 
facturer supplies transducers off the shelf; another 
exercises transducers for 10,000 cycles and then cali- 
brates each individually before building it into a system. 

The results of manufacturer programs aimed at im- 
proving reliability and accuracy of components are evi- 
dent in system costs. In a bid, the manufacturer may 
not be able to show the novice buyer why a more costly, 
but superior, system can be an excellent investment, 
measured over the life of the equipment. 

Again, a final decision must depend upon require- 
ments. What is dependability worth in an application? 
In a commercial computer installation, 5 percent un- 
scheduled downtime may be a wonderful operating 
record; in a continuous process industry, a computer 
with 1 percent downtime might be useless. The big 
question is how much can the buyer pay for reliability? 


5. Bonus features may justify higher costs 


Among competitive equipments some manufacturers 
may offer bonus features that amply warrant a higher 
price tag. These specials may be a part of the basic 
specification, or they may be optional features. Pre- 
amplifiers may be a basic requirement, as an example, 
One manufacturer's preamplifier may require calibra- 
tion before running a test; another supplier may have 
an amplifier whose stability, lack of drift, and linearity 
eliminate the need for calibration. If the application 
requires extreme accuracy and frequent changes of test 
setup, then the elimination of calibration operations 
would justify a sizable price differential over a five-year 
period. Conversely, if a lesser accuracy is tolerable and 
the volume of work to be put through the system is 
small, then the additional cost of precision preamplifiers 
may not be warranted. 

When bonus features are not a part of the specifica- 
tions, the buyer should ask that they be priced separately 
and clearly defined as system options. This cost separa- 
tion makes it easier for the buyer to compare the cost 
of different proposals on a comparable basis, and the 
seller is not penalized for quoting an unnecessarily 
higher price. 


6. Some bids may be based on lack of knowledge 


Newcomers to the control systems field may under- 
bid because of lack of experience. Problems of design- 





























ing and building good, reliable control hardware are 
deceptive. Every manufacturer with experience in build- 
ing this kind of equipment will testify loudly to this 
truth; most have scars acquired by improperly esti- 
mating the time and cost to put a new system on line. 

The problem of matching cost to specifications is 
double-edged, affecting manufacturers as much as buyers 
(or more!). When bids are compared and a manufac- 
turer finds his competition is over- or underbidding 
him several hundred percent, he faces a real problem, 
too. As any management knows only too well, you’ve 
got to make money to stay in business; you've also 
got to get the bids, and contro] systems work is already 
highly competitive. 

The manufacturer must understand the client’s needs 
so that he won’t design a Cadillac to do the job of a 
Ford truck. The emphasis is on “understand the client's 
needs”—not the client’s desires. The seller is entering 
a market where many of his clients know little more 
about electronics than operating the home TV set. 

In the future, methods and equipment will undoubt- 
edly become more standardized and more uniform bid- 
ding will result. Meanwhile, an overemphasis on cost 
can be dangerous, if proper attention is not given to 
evaluation of the technical details. Guideposts for the 
buyer are: 

1. Select preferred proposals on the basis of satisfy- 
ing operation requirements, hardware to be used, 
and manufacturer competence. 

2. Compare total system cost (including all factors) 
of the preferred proposals. 

3. Then select a supplier. 

At present, there is a strong argument for subordi- 
nating cost considerations for equipment to other 
factors. But equipment purchase is only one element 
of total system cost. Also to be considered are: spare 
parts inventory, operating and maintenance expense, 
obsolescence and depreciation. Indirect effects may be 
even more important. What will be the effect of down- 
time on related operations? Will better equipment 
eliminate the need for duplicating back-up instrumen- 
tation? Can further use of advanced control technology 
be meaningfully explored with unreliable equipment? 
How much accuracy do you really need? 

Once all the factors that affect a decision have been 
evaluated, cost will stand in its true perspective as 
related to advantages and disadvantages. Management 
can then confidently make a final system selection. 
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Servo Modulators—IV 


seven lab-built circuits and their 
test-obtained characteristics 


The first three articles in this group covered 
typical modulator configurations and char- 
acteristics, and surveyed off-the-shelf com- 
mercial units. The following article shows 
seven common modulator circuits, with 
their actual laboratory test results, that 
can augment these commercial modulators 
when the latter do not exactly fill require- 
ments. The circuits also give the system 
designer a handy reference for future con- 
trol system design requirements. 


L. S. KLIVANS, Radioplane 


Out of the large variety of typical modulator con- 
figurations covered in the first three articles, exam- 
ples of three general types have been selected for 
detailed examination. These are: 

1. Balanced sine-wave electronic modulators 

2. Electromechanical chopper modulators 

3. Vacuum-tube diode modulators 

All of the modulators tested have their good and 
bad points, and it is necessary to state the operating 
conditions for which each is best suited. 

The sine-wave modulators are recommended 
where phase shift and distortion of the output 
waveform must be kept to a minimum, although 
a demodulator and overall negative feedback ap- 
pear necessary if a high level of linearity is desired. 
Both of the circuits shown are stable and exhibit a 
large signal-to-noise ratio if suitable harmonic fil- 
ters are used on the output signal. 

Where extremely high stability is needed and 
very low-level signals are to be modulated, the 
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electromechanical chopper is highly recommended. 
Signal-to-noise ratio is high and linearity is excel- 
lent. The circuit shown in this article can be used 
when these characteristics are required. 

Of the various vacuum-tube diode modulators 
presented, the Diamond and triode-clamp units are 
the best. ‘The former is recommended for low- 
level signal circuits, while the latter is especially 
suited for high-level operation. Both modulators 
are very stable, and the output-to-input relation is 
linear over better than a hundred-to-one range. 
Balanced operation in vacuum-tube switch modu- 
lators gives greater stability because the drift in 
one tube tends to cancel that in the other. Also, 
the carricr does not appear in the output. 

Where low cost is not a prime requirement, 
negative feedback should be used in modulation 
demodulation systems. The advantages are gain 
stabilization, correction of modulator nonlineari 
ties, and reduction of open-loop time lags. 





VARIABLE PLATE RESISTANCE MODULATOR 


Balanced sine-wave output modulators are not widely used 
because operation depends on the shape of vacuum-tube 
characteristic curves. Stability and precision are poor, especially 
where tube interchangeability is a prerequisite. The variable 
plate resistance modulator shown in Figure 1 uses the principle 
that triode resistance varies with its bias. Two variable resistors 
are connected to an ac source that excites them 180 
deg out of phase. The tubes feed a common load, and if no 
input signal is present the plate resistances are balanced. The 
fundamental harmonic current is approximately zero. The 
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A—Schematic of variable 
plate resistance modulator 


B—The null level waveform is 
composed of second harmonics and 
is of quadrature phase. The output 
waveform over the normal operat- 
ing region is on in-phase sine wave. 
C—Input-output relation for E, 
equals 1.5 vdc. 
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second, though rather large, can be removed with a rejection 
filter tuned to twice the carrier frequency 

Applying an input signal raises or lowers the bias on the 
first tube, causes an unbalance in the fundamental current, 
and develops an output voltage across the load. Output phase 
reverses with a reversal in input polarity The output is 
essentially a sine wave, but since the tubes may not be exactly 
balanced, the output at low levels may be somewhat dis- 
torted. Chief objections are small signal-handling capacity and 
signal-to-noise-ratio, and need for matched tubes 
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LOW FREQUENCY BALANCED TRIODE MODULATOR 


Figure 2 shows another type of balanced sine-wave output 
modulator—a low frequency balanced triode modulator. Here 
again the tubes act as variable resistors, with a push-pull signal 
connected to the grids and a single-ended carrier to the 
cathode. A differential output may be obtained across the 
plate circuit. The tubes are usually operated at approximately 
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FIG. 2 


A—Schematic of balanced triode 
sine-wave modulator 
B—Woveforms for null level and 
normal output level 
C—Input-output relation, ond 
short-term drift at room tempera 
ture 


unity gain so that for large input signals the tube nonlinearities 
are somewhat minimized. The output waveform of this 
modulator is excellent, and stability and linearity are good. 
The modulators in both Figures 1 and 2 are excellent for 
closed-loop systems since feedback reduces the inherent non- 
linearities. Neither are recommended for open loops. 
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HIGH SIGNAL-TO-NOISE CHOPPER CIRCUITRY 


The electromechanical chopper is the most common type 
of modulator. Its prime advantages are excellent stability and 
a linear output-to-input relationship. A typical unit is designed 
to operate at 6, 12, 26, or 115 volts excitation from a zero to 
500 cps source. The heart of the modulating system is a 
vibrating reed surrounded by an electromagnet. The mag- 
netic field of the coil builds up and collapses as the ac carriet 
changes phase, and the reed vibrates at the carrier frequency. 
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FIG. 3 

A—High signal-to-noise 

chopper circuitry 

B—Typical null and output waveforms. 


C—lInput-output relation for small 
and large input signals 


DUO-DIODE 
HALF-WAVE MODULATOR 


This is one of a class of modulators using two- 
terminal unilateral impedances, such as vacuum and 
semiconductor diodes. They are almost as common 
as choppers. Some of their many advantages are good 
stability, no carrier frequency limitations, ability to 
work from a high-impedance load, and for flight sys 
tems, insensitivity to acceleration and vibration. Full- 
wave modulators of this type are not recommended 
because unmatched tubes cause high null voltages 
and asymmetrical performance and, in addition, re- 
quire a large number of components. 

Figure 4 shows a half-wave modulator with single- 
ended input to single-ended output. The output is 
shorted to ground during one-half the carrier cycle, 
while during the other the output voltage is essen- 
tially equal to the input voltage if the load im- 
pedance is large with respect to the input resistance. 
Tests showed excellent linearity and stability. The 
figure also includes a twin-t filter that can be used 
with this modulator, and the input-output relations 
for the unfiltered and the filtered case. 


FIG. 4 
A—Schematic of 
switch modulator 
B—Twin-t filter used in conjunction 
with a feedback amplifier. Q of 
circuit is six 


duo-diode half-wave 
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,0.15 megohm 


j—+——+» £, 


\ set of contacts is connected to the reed tor 140 to 180 deg 
duration referred to a 400-cps sinusoidal reference wave. 
Rated contact load is 0 to 1.5 vdc, at 1 milliamp resistive. 
Many other versions are listed in last month’s article. 

Figure 3 shows such a modulator in a half-wave modulator 
circuit that tends to increase the signal-to-noise ratio. The 
test results verify the excellent stability and linearity of this 
type modulator. ; 
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C—Null and output waveforms for 
unfiltered and filtered case 
D—Input-output relation of 
unfiltered modulator 
E—Input-output relation 
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DIAMOND HALF-WAVE MODULATOR 


The Diamond four-diode switch circuit shown in Figure 5 also 
exhibits better stability than the full-wave modulators, because satis- 
factory operation does not depend on matched-diode characteristics. 
When point a is positive, tubes Vs and V, conduct and V2 and V; are 
cut off, so that the output voltage is equal to the input voltage if the 


load impedance is high compared to Ri. During the other half of the 
carrier cycle tubes Vs and V, are cut off, and the output is shorted to 
ground through Ri, Vi, and Vs, depending on the magnitude of the 


input voltage. The curves show the input-output relationships and drift 
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FIG. 5 
A—Schematic of Diamond 
half-wave modulator 

B—Null and output waveforms 
C—1Input-output relations 
D—Stability check 











TRIODE CLAMP HALF-WAVE MODULATOR 


In this switch-type modulator, Figure 6, the carrier is 
applied between grid and cathode and the tubes act like 
variable resistors. When the voltage at the grid is positive the 
tubes act like a short circuit, the resistors in the grid circuits 
preventing excessive grid cur-ent. The second tube, V2 
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FIG. 6 
A—Schematic of triode clamp 
half-wave modulator 


B—Quadrature output waveform 
obtained with zero input 

signal, and in-phase sin- 

usoidal waveform using 

tuned resonant filter. 


C—Input-output relation 


RING MODULATOR 


The ring modulator, Figure 7, has a single-ended input and 
output. With no input voltage, the output is essentially zero 
Under this condition, assume point a is negative and point b 
is positive. ‘The upper tubes are cut off, while the lower tubes 
are conducting in opposite directions. For the opposite polarity 
of the carrier, the tube action is reversed. Therefore, if the 
tubes are all balanced the output voltage is zero. As an input 
signal is applied, there will be an unbalance in current through 
the load, the phase of the output voltage depending on the 
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A—Schematic of ring modulator 


B—Second harmonic null output 
waveform, and fundamental waveform 
obtained with input signal applied 


C—JInput-output relation 
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only used to provide a null output when the input is zero, 
but the first tube, Vi, connects the output to the input every 
other half-cycle of the carrier frequency. This circuit is recom- 
mended where high-level input voltages must be accommo- 
dated. The main disadvantage is a high null level 
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polarity of the input signal. Since it is almost impossible to 
match the diodes over a large ‘range of operation, the linearity 
will vary for opposite polarity input signals and there will be 
a large second-harmonic content in the output 

All of the switch-type modulators have a common dis 
advantage in that they produce approximately a square-wave 
output voltage. It is therefore necessary in most control cir- 
cuit applications to resort to some type of tuned circuit to 
remove the higher harmonics. 
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DATA FILE 


Estimating Damping Ratio 
from Frequency Response 


C. ]. SAVANT JR., American Electronics, Inc. 


Knowledge of the damping ratio, or the relative 
speed with which a system returns to a steady state 
after a disturbance, is critically important. in the 
synthesis of feedback control systems. If thé control 
engineer can determine the values of damping ratio, 
¢, and resonant frequency, », he has qualitative 
and quantitative knowledge of the system’s dynamic 
performance. 

The derivations on which are based the curves 
presented in this data file assume that the least- 
damped roots dominate system dynamic performance. 
If, for example, the roots of a feedback control system 
for a particular gain setting are located as in Figure 
1, the transient solution (for a sustained disturb- 
ance) takes the form 


§.(t) = Ae~*t + Bet + Cet + De-4 sin (Bt + a) (1) 
But the terms with large exponents damp so rapidly 
that only the least damped (smallest values of ex- 


ponent in Equation 1) roots predominate in the 
response. Hence the curves for damping ratio, 


while calculated exactly only for a second-order sys- 


tem, are suitable for approximating the behavior of 
higher-order systems if the least-damped roots pre- 
dominate. For cases in which the two complex 
pairs of roots lie near the imaginary axis of Figure 1, 
the response is not recognizable as a single damped 
sinusoid and the curves do not apply. 


Damping ratio from phase margin 


If the amplitude and phase lag of the system as a 
function of frequency are known, the phase margin 
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FIG. 1. Location of roots of lightly-damped system 


can be found by subtracting the phase lag at unity 
gain from 180 deg. Entering curve A (Figure 2) with 
this value, read off the value of the damping ratio. 


Damping ratio from maximum M circle 


M, is the maximum value of the system’s closed- 
loop frequency response and corresponds to the place 
on the Nyquist plot at which the open-loop response 
approaches the (—1 + j0 point. With M, known, 
{ is read from curve B (Figure 2). 
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FIG. 2. Curve A of damping 
ratio vs. phase margin for a 
second-order system applies to 
higher-order systems with a 
dominant pair of _lightly- 
damped roots. Curve B shows 
damping ratio vs. maximum 
amplitude ratio. 
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REFRACTOMETERS IN 
PROCESS-STREAM ANALYSIS 


Photometric process-stream analyzers, including infrared and ultraviolet analyz- 
ers, refractometers, and colorimeters, make up one of the most widely employed 
groups of analysis instruments. Infrared and ultraviolet analyzers have already 
been discussed in the October and November issues of CONTROL ENGINEERING. 
In this issue author Glasser takes up differential and critical-angle refractometers: 
first their relatively simple basic principles of operation, then such practical factors 
as accuracy, sensitivity, cell design, and sample handling—the factors that mean 
the difference between success and failure of an installation. He concludes with a 
review of commercially available process-stream refractometers. 


LEO G. GLASSER, 
Engineering Research Laboratory, 
E. |. du Pont de Nemours & Co., Inc. 


Process-stream analyzers require high stability to 
make possible sustained composition determinations 
over long periods of time with negligible mainte- 
nance and adjustments. Ideally, they should also 
have direct selectivity; that is, they should not need 
operators to interpret readings or to solve simulta- 
neous equations to arrive at the composition analy- 
sis. Refractometers are in the group of stream 
analyzers that, when properly selected and installed, 
meet these requirements. 

Two types of refractometers are commercially 
available. In one, generally known as the differen- 
tial refractometer, a light beam is transmitted 
through a two-section cell which refracts it at an 
angle whose size depends on the difference in refrac- 
tive index between the sample liquid in one section 
and a standard liquid in the other. Differential 
refractometers, operating under optimum conditions, 
are accurate to 2 to 4x 10—® units of refractive index 
difference between two liquids. The other refrac- 
tometer is generally known as a critical-angle unit; in 
this one the light incident on the surface of the solu- 
tion changes sharply from reflected to transmitted 
light at a critical angle. 

Both refractometers are applicable only to rela- 
tively simple samples; in general, the samples must 
comprise binary systems (solutions of salt in water, 
cyclohexane in n-hexane, etc.). There are, of course, 
many mixtures of greater complexity which behave, 
as far as the refractometer is concerned, like binary 
mixtures,.so that it can be applied to them as well 
to obtain a single-valued composition analysis. Both 
instruments are intended for liquid samples, the 
differential instruments working primarily on rela- 


CONTROL ENGINEERING 


tively clear samples, and the critical-angle instru 
ments primarily on murky solutions or suspensions. 


CRITICAL-ANGLE REFRACTOMETERS 


Critical-angle refractometers measure refractive 
index of a solution at an interface with air or, more 
commonly, with a glass‘window. As Figure 1 indi- 
cates schematically, a light beam is directed at the 
interface at various high angles to determine the 
critical angle—the angle from the perpendicular at 
which the light beam changes from transmitted light 
into the liquid to totally reflected light at the liquid 
surface. (At angles smaller than the critical angle 
the light is transmitted into the liquid.) The criti- 
cal angle depends not only on the solution com- 
position but also on the window material. The 
refractive index can be calculated from: 
ie = are sin (n,/n1) 

where: i, is the critical angle in radians within the glass 
n, is the index of refraction of the glass 
ni is the index of refraction of the liquid 

The significant feature of a critical-angle refrac- 
tometer is that it measures refractive index of a 
surface of a solution. Since surface reflection re- 
quires no penetration of the light beam into the 
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FIG. 1. Schematic optical circuit of a critical-angle refracto- 
meter: the Southeastern Electronic Labs.’ Indexometer. 





solution, this instrument may be used for highly 
opaque samples and various murky solutions and 
suspensions, as well as transparent samples. 

The refractive index of both the window material 
and the solution to be analyzed depends on tem- 
perature. In a well-agitated vessel window tempera- 
ture quickly comes to equilibrium with solution 
temperature, provided that the window is shielded 
from air drafts and heat sources. This temperature 
equalization provides some compensation for the 
refractive-index variation with temperature, but the 
variation for glass is much smaller than the variation 
for most solutions, so that even at equilibrium tem- 
perature a substantial error creeps in as the tempera- 
ture varies. This residual error can be eliminated 
by controlling the solution temperature very pre- 
cisely—though this may be difficult if not impos- 
sible. A suitable alternate is to measure the solution 
temperature and correct the readings of refractive 
index accordingly. 

Since the critical-angle principle measures the 
index only at the interface, care must be exercised 
to make the material at the interface representative 
of the bulk solution. Agitation will accomplish this 
in low viscosity solutions and suspensions. But 
when the agitation is small or when the solution is 
highly viscous it is likely that an unrepresentative 
film will build up on the window surface and pro- 
duce a spurious refraction reading. This also can 
occur for materials that solidify or polymerize on 
the windows. This effect can be minimized by 
keeping the window clean, either with the equiva- 
lent of a windshield wiper or by jetting the sample 
across the face of the window to keep it covered 
with fresh solution. 


DIFFERENTIAL REFRACTOMETERS 


Figure 2 is the schematic of a typical differential 
refractometer, the one developed at du Pont’s Engi- 
neering Research Lab. Light from the lamp is con- 
densed on a short, wide slit and reflected to a col- 
limating lens that parallels all light rays for trans- 
mission through the sample cell. The light emerging 
from the cell, refracted more or less, is turned back 
into the main body of the instrument by a totally- 
reflecting prism and reconverged by another lens 
to focus at a dividing prism or target. A mirror 
near the lens directs the light beam through two 
plates of glass, the zeroing and measuring plates, 
which can be adjusted to various angles in the 
refraction plane to maintain the light beam centered 
on the target. Phototubes sense when the light 
beam deviates to one side of the target or the other. 
The angle to which the measuring plate must be 
tilted to center the beam may be indicated on the 
instrument face through a mechanical or electrical 
linkage. The same reading is transmitted to a re- 
motely located recorder which can be calibrated 
either in units of refractive-index difference, or 


(more usefully) in units of sample composition or 
concentration of one of the sample components. 

Differential refractometers differ in detail. Instead 
of a tiltable measuring plate, the final mirror or target 
might be moved to maintain the light beam on 
target. One or both of the tiltable glasses can be 
contained in the light beam between the slit and 
the collimating lens. Furthermore, the light beam, 
upon emerging from the sample cell, can be directed 
back through the cell instead of alongside it. 

The sample to be analyzed is contained in a cell 
with parallel glass windows on each end into which 
a light beam is directed perpendicular to the first 
window. Inside this cell, and completely surrounded 
by the circulating sample liquid, is a smaller triangular 
cell-section containing a standard solution of pre- 
cisely-known composition. This cell construction, 
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FIG. 2. Schematic optical circuit of the Meecomatic 
differential refractometer developed by du Pont. 


shown in Figure 2, is known as an Anderson cell. 
The light beam goes through the compound cell in 
a straight line when the standard and the sample 
have the same composition, or in other words the 
same index of refraction. In fact, the standard is 
usually chosen and prepared by carefully weighing 
components so that it has the nominal composition 
and the same temperature coefficient of refractive 
index as the sample. 

If the index for the two materials differs, however, 
the beam is deflected toward or away from the vertex 
of the standard cell, depending on whether the 
standard’s index of refraction is lower or higher than 
the sample’s index. The angle of deviation is directly 
proportional to the difference in index of refraction. 
The linear displacement of the light beam at a 
target (dividing prism) some distance away from the 
cell is: 

AS = p'A@=2p An 
where: p is the focal length of the lens that converges 
the light on the target, A@ is the angular deflection of 
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the light beam (in radians), and An is the difference 
in refractive index between sample and standard. 

Refractometer sensitivity increases with an in- 
crease in angle at the vertex of the standard cell. 
When only broad ranges of chemical composition 
(low sensitivity) are required this angle can be quite 
small. The light beam may be passed through the 
cell more than once, each time increasing the sensi- 
tivity of the refractometer. Here, too, the cell can be 
mounted external to the rest of the instrument, 
where it is readily accessible for maintenance and 
temperature control 

The refractometer will respond to composition 
and not to temperature, provided the cell is designed 
properly. Cell design, in other words, determines 
the refractometer’s accuracy and speed of response. 
The Anderson cell compensates for temperature 
change as long as thermal equilibrium is maintained 
between the sample and the standard liquids. ‘To 
accomplish this, the compartment for the standard 
liquid is made small with as low a heat capacity as 
the required optical aperture anc mechanical con 
siderations permit. 

Temperature equality within 0.005 deg C, required 
at the highest sensitivities, can be accomplished by 


jetting the sample across the surface of the standard 
cell or by passing the sample through pipes in good 
thermal contact with the standard-cell body before 
the sample enters the light beam in the cell. When 
the cell walls are thin and the volume of the standard 
cell is only a few cc, standards and samples which 


have the viscosity of water come satisfactorily close 
to temperature equilibrium in less than half a minute 
following a small (1 to 2 deg C) step change in 
sample temperature. A good way to obtain satis 
factory equilibrium for less sensitive applications is 
to circulate the standard and sample solutions con- 
tinuously through the same temperature-controlled 
bath. 

There are cases, particularly where the highest 
sensitivity is not needed, where it is impractical for 
the standard to have the same composition as the 
nominal composition of the sample. Then, alternate 
stable synthetic standards, such as solutions of 
ethylene glycol in water, are employed. These 
usually are selected to have the same refractive index 
as the nominal value of the sample, and their tem- 
perature coefficient of refractive index should at 
least approximate the value of the sample. 

The nominal sensitivity varies considerably 
among the available refractometers, and it is not 
always stated and sometimes not readily calculable 
for specific solutions. The analyzer engineer should 
have a good understanding of the techniques for 
achieving and varying sensitivity so that he can cope 
with the problems to which refractometers can be 
applied. ‘The sensitivity, in terms of inches of dis- 
placement of the light beam at the target, is deter- 
mined primarily by sample-cell design. 

For optimum operation the position of the light 
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beam at the target should remain the same when 
both the sample and standard cell are filled with 
the same liquid (water, for instance) and when both 
are emptied (filled with air). A resultant large read- 
ing of refractive-index difference shows the cells are 
not properly aligned for the best stability and sensi 
tivity. ‘There are various reasons for this. The four 
windows of the cell may be slightly wedge-shaped, or 
the front and back windows may not be strictly 
parallel to each other (though normally, instability 
does not occur for these reasons since the cell manu 
facturer observes the necessary precautions). An 
other reason may be that the cell is tilted so that 
the entering light beam is not perpendicular to the 
front window and the emergent light beam is devi 
ated from but parallel to the entering beam. But 
at worst, this produces a small error since the cell 
is contained in a collimated light beam. When the 
beam passes twice through the cell at an appreciable 
angle away from the perpendicular to the entrance 
window, however, this effect is magnified. And in 
continuous operation, it becomes even more signifi 
cant because the amount of deviation thus intro 
duced is temperature-dependent. Although each of 
these misalignments leads to minor errors by itself, 
when all occur simultaneously their effect serious]; 
reduces stability and sensitivity. 

Sensitivity of the photoelectric circuit is normall\ 
not a critical factor because the light beam can be 
made quite narrow at the slit and the target edge 
can be made quite sharp by comparison, so that de 
flections of the light beam as small as millionths of 
an inch can produce large-percentage changes in the 
light intensity. 

Various means are available for adjusting the sen 
sitivity of refractometers. In several of the instru 
ments a tiltable glass plate is mounted in the light 
beam. For small. angles of tilt (of the perpendicular 
to the glass) away from the entering light beam, the 
deflection produced by the tilt is linearly propor 
tional to the tilt angle. For angles of tilt as large 
as plus or minus 30 deg the deflection of the beam 
is very nearly linearly proportional to the angle: the 
deflection error does not exceed 1 percent of the 
maximum deflection. Deflection is also proportional 
to the thickness and the refractive index of the glass. 
Different thicknesses of glass plates afford a con 
venient way of rapidly changing instrument sensi 
tivity in discrete steps. A thick plate is used for 
broad ranges of composition, a plate as thin as 0.0] 
or 0.02 in. for the highest sensitivities. 


ACCURACY 


When a process-stream refractometer is used to 
determine absolute values of composition, its accu- 
racy is no better than the calibrating techniques. 
For highest accuracy, the customary calibrating tech 
nique is the empirical method using sy nthetic sam- 
ples prepared by accurate weighing. A similarly pre- 
pared standard is put in its cell section, then one 





at a time the known samples are put in the sample 
section, temperature equilibrium is established, and 
the calibration points are recorded. For high-sensi- 
tivity analyses this procedure is more satisfactory 
than comparison of the refractive index readings 
with those of a laboratory refractometer—which is 
considerably less sensitive than the best process- 
stream refractometers. 

To sustain accuracy, the composition of the stand 
ard liquid must not be allowed to change with time. 
It might change if the standard fractionates through 
a leak to the atmosphere, if a leak occurs between 
the sample and standard cell section, or if the stand- 
ard decomposes, polymerizes, photochemically re 
acts, or otherwise degrades. To guard against these 
possibilities, an occasional sarnple should be analyzed 
independently, or a check of the calibration should 
be made at one or two concentration values. The 
stability of the standard, or the stability of the in- 
strument zero, should be observed closely for the first 
few weeks’ or months’ operation of a new instrument 
or new application. 

The accuracy of analysis can be improved by pre 
treating the sample in various ways: unwanted vola 
tile gases and vapors can be removed by heating; 
smal] amounts of moisture can be removed by chem 
ical drvers; and mass-transfer techniques can be em- 
ploved to arrive at a sample free of interferences. 
However, other analysis methods, such as infrared 
and ultraviolet, should be investigated before exten 
sive and expensive sample-treating facilities are 
added to a refractometer. 

Inaccurate readings can be caused by other types 
of interferences, too. Small amounts of bubbles or 
suspended matter will (in a differential refractome 
ter) scatter part of the light beam so that a reduced 
portion of it is focused on the target. Unless the 
photoelectric circuit has a large reserve of sensitivity, 
the reduced light intensity leads to instability. Sus- 
pended solids can be satisfactorily removed by 
screens or other filters. Bubbles can be minimized 
by maintaining pressure on the sample. Large 
amounts of bubbles, particularly when they are not 
uniformly dispersed, lead to inaccuracies of com- 
position determination in both types of refractom 
eters because they introduce a net reduction in the 
sample’s refractive index. 


REFRACTOMETER APPLICATIONS 


Many monitoring and control applications are 
practical and are now in operation. Some are evi- 
dent from the accompanying table. 

An interesting application of a differential refrac- 
tometer to a blending operation has been made by 
du Pont. ‘Trichlorofluoromethane (F1l) and di- 
chlorodifluoromethane (F12), both liquefied Freon 
fluorinated hydrocarbon aerosol propellents, are 
blended in a variety of proportions, such as 70-30, 
60-40, and 50-50. The standard solution is a care 


REPRESENTATIVE APPLICATIONS OF REFRACTOMETERS 
FOR PROCESS-STREAM ANALYSES AND CONTROL 

Acetone in water 
Ammonium sulfate in water 
Benzene in cyclohexane 
Benzene in ethanol 
n-Butane in isobutane 
Butadiene purity 
Citrus juice blending 
Cyclohexane in benzene 
Ethanol in benzene 
Ethanol in water 
Ethylene glycol in water 
Gasoline additives 


Gasoline fractionation 
Glycerol in water 
Hydrogenation of food oils to fats 
Methanol in water 

Nitric acid in water 
Propylene glycol in water 
Sodium chloride in water 
Styrene in ethylbenzene 
Sugar concentrates 
Water in acetic acid 
Water in ethanol 

Water in methanol 








fully prepared 50-50 mixture. A different standard 
may be used for the other blends, or with a 50-50 
standard the zero may be offset to bring one of the 
other blend ratios to mid-scale on the recorder. Dur 
ing blending, a sample is continuously circulated 
through the refractometer. If a composition devi 
ation is detected, the feed rate of one of the com 
ponents can be automatically adjusted to restore 
the blend ratio to its desired, preset value. Accu 
rate measurement of the composition can be made 
in routine operation to plus or minus 0.1 percent 
of either constituent under optimum conditions, 
though the refractometer can be equipped to provide 
more than 20 times this sensitivity if desired. The 
refractometer used in this application is shown in 
Figure 3. 

In another application, reported by Phillips Pe 
troleum, a differential refractometer controls a frac 
tionator separating cyclohexane from n-hexane. This 
installation is shown in Figure 4. The column is 
continuously sampled at a height where refractive 
index varies most rapidly with plate number. The 
composition at this column point can be correlated 
readily with the composition product. (Sampling 
the column affords much faster and more sensitive 
control than sampling the product.) Deviation of 
refractive index from the desired value automatically 
changes the flow rate in the overhead take-off linc 
and the heat input to the system until the refractive 
index at the sampling point is restored to its proper 
value. Automatic control based on refractive index 
measurement provides much smoother and efficient 
operation of the fractionator than traditional meth 
ods of controlling by measurements of temperature, 
pressure, and flow. 


WHEN TO USE A REFRACTOMETER 


Whenever the sample to be analyzed is a simple 
binary mixture, such as alcohol-in-water, the first- 


choice analyzer is a refractometer. Density-measur 
ing analyzers are applicable when the range of 
compositions is broad. But when the range is nar 
row, down to about 0.4 percent, and certainly when 
an analysis of the liquid phase of a suspension or 
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FIG. 3. Meecornatic refractometer, typical of the several avail- 
able for process-stream analysis, is shown here mounted in a 
cubicle with a complete sampling system for process control 
operation in an exposed location. The controls on the panel 
are for regulating and switching sample flows. 


— 


O 


FIG. 4. Consolidated. Phillips refractometer installation for 


control of a fractionating column that separates cyclohexane 
from normal-hexane 


slurry is required, a refractometer again is first choice. 

The applicability of a refractometer to a multi- 
component sample is determined empirically. Plant 
samples are analyzed to determine whether their 
refractive index correlates with the property or con- 
centration to be recorded. Such a feasibility study 
on multicomponent samples can be quite laborious, 
and most users as well as instrument manufacturers 
have only limited experience on which to base their 
estimates. To make matters worse, the commonly 
available self-filtering infrared analyzer, usually used 
on complex samples, is not readily adaptable to the 
analysis of multicomponent liquid solutions. Only 
a few such infrared applications have been made, 
and experience is at least as limited as with refrac- 
tometers. And the laborious empirical approach 
must still be used. The only conclusion to draw is 
that both types of instruments should be considered 
for the analysis of complex liquid mixtures. For 
complex samples where the desired component has 
a well-defined, strong characteristic, infrared or ultra- 


CONTROL ENGINEERING 


violet absorption, the corresponding type of analyzer 
should be used. 

Samples such as paints, purees, and preserves that 
contain large amounts of suspended solids are more 
or less opaque and the critical-angle refractometers 
are the initial choice. Some of the differential re- 
fractometers have enough photoelectric sensitivity 
to operate on a moderately turbid sample even when 
the sample transmits less than 1 percent of the light 
transmitted by a clear sample. 

Refractometers are favored for multicomponent 
samples when an interfering component of the sam- 
ple is water or another strong absorber. A sample 
that is half water is so opaque throughout most of 
the infrared spectrum that other components of the 
sample usually cannot be accurately detected by 
infrared analysis. Neither water nor other materials 
have such an adverse effect on refractometers. In 
a somewhat analogous fashion, those substances that 
are relatively transparent in the ultraviolet, such as 
hexane, ethylene glycol, and ethyl acetate, likewise 
produce no inordinately strong interference in a re- 
fractometer. However, all substances have a refrac- 
tive index, and in a refractometer any components 
beyond two constitute potential interferences. If 
the empirical feasibility test shows the refractometer 
to be inapplicable because of a spurious effect from 
interference, then another analyzer, such as infrared 
or ultraviolet, that is sensitized to the interferant, 
should be used to compensate for the spurious effect 
of the interferant. 


WHAT’S AVAILABLE IN 
REFRACTOMETERS 


The Goldberg process refractometer, Figure 5, of 
the American Optical Co. and the Indexometer of 
Southeastern Electronics Laboratories (schematic 
shown in Figure 1) are critical-angle instruments. 
Both are calibrated in degrees Brix for use in the 
food industry. (Brix units, B, are related to specific 
gravity by the formula: 

400 


=P. 6. ™ 400+ B 


Hence the instruments measure specific gravity, 
which correlates closely with refractive index.) ‘These 
refractometers can be mounted in a flange in the 
side wall of any vessel, such as a fruit-spread cooker, 
evaporator, or product pipeline. They are used for 
determining total soluble solids in citrus processing, 
sugar refining, and tomato processing, and in manu- 
facturing jellies, purees, preserves, and other turbid 
and dark-colored substances. These applications re- 
quire only the modest sensitivity in terms of refrac- 
tive index for which the critical-angle refractometer 
is suited. 

The Indexometer photoelectrically measures the 
amount of light reflected from a restricted range of 
illuminating angles, and thus indirectly measures the 
critical angle. The window of this instrument is 





kept clean by installing it in the 
process at a point where existing 
agitation or flow patterns jet the 
solution across the window. ‘This 
instrument has been successfully 
applied to automatic control of cit- 
rus-juice blending. 

The Barnes Engineering Co. in 
dustrial process refractometer, Fig- 
ure 6, is a differential type capable 
of handling many of the analyses 
described above. Its standard cell 
has a smaller vertex angle than the 
Anderson cell, and for high sensi- 
tivity the standard solution is con- 
tinuously circulated through a heat 
exchanger to control its tempera- 
ture to about 0.02 deg C. This 
commercial instrument is designed 
to be explosion-proof, providing 
safe operation in Class 1, Group D 
hazardous locations. 

The Bausch & Lomb Optical Co. control refrac 
tometer measures the difference in refractive index 
between the sample and a glass standard. Since glass 
does little in compensating the refraction-difference 
readings for temperature effects, precise external con- 
trol of sample temperature must be provided, and 
operation at high sensitivity avoided. High photo- 


electric sensitivity and an ingenious optical system 


make possible successful operation on moderately 
turbid semitransparent substances. This instrument 
can be operated with any conventional electronic 
recorder, and automatic control can be achieved 
through accessories on the recorder. 

The Consolidated-Phillips process refractometer, 
Figure 4, was developed by Phillips Petroleum to 
provide better monitoring and control in its own 
refining processes. It is built by Consolidated Elec- 
trodynamics Corp. to withstand adverse ambient 


FIG. 5. AO-Goldberg critical-angle refractometer for process 
control based on visual observation of refractive index through 
a sight glass in the process vessel 


“\ 
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FIG. 6. Schematic optical circuit of the Barnes differential 
refractometer shows another way to make refractive index 
differential measurements. The sample cell is located in a 
projection in front of the instrument for easy access. 


conditions, and is explosion-proof for safe operation 
in Class 1, Group D hazardous locations. ‘The sam- 
ple is recirculated through a flexible diaphragm to 
afford pressure equalization between the two cell 
sections. This compensates for spurious composi 
tion readings resulting from mass density, hence 
refractive index, changes due to sample compressi- 
bility. For common samples the uncompensated 
spurious readings may be about 0.000,003/psi. Tem- 
perature is equalized by circulating both sample and 
star.dard through heat exchangers in a liquid bath. 

The Meecomatic differential refractometer was 
developed by du Pont’s Engineering Research Lab. 
for monitoring and controlling chemical processes. 
Several models from Manufacturers Engineering & 
Equipment Corp. offer cubicle mounting with a 
complete sampling system for outdoor use, Figure 3; 
panel mounting with a complete sampling system; 
and low-volume cells and high-pressure cells for 
liquefied-gas samples. Explosion-resistance may be 
achieved by providing an inert-gas purge. Recircu- 
lation or temperature control of the standard usually 
is not required, even for operation at the utmost 
sensitivity. The design of the optical system and 
high photoelectric sensitivity make possible sus- 
tained, drift-free operation even in adverse ambient 
conditions and on murky samples. 

The Phoenix Precision Instrument Co. automatic 
differential refractometer is a plant-type instrument. 
A double heat exchanger in a temperature-controlled 
bath keeps sample and standard at constant, equal 
temperatures. An all-glass sample cell, with a vol- 
ume as small as | ml, provides rapid response at low 
flow rate of the sample. Very high sensitivity can 
be realized, even on murky solutions. Several 
models are available, including a mass-collecting one 
which records refractive index against mass of the 
liquid sample passed. 
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FIG. 4 typical remote weather station. 


]. D. HUMPHREYS* 
Pacific Div., Bendix Aviation Corp. 


Digital techniques of data trans- 
mission have been applied to the re- 
mote collection and recording of pre- 
cise weather information at the U. S. 
Army’s Dugway Proving Ground 
in Utah. The meteorological system 
collects data for microclimatological 
research, test control and evaluation, 
and short-term forecasting of weather 
conditions near the surface of the ter- 
rain, and telemeters this data, by 
means of eight unattended remote 
weather stations, to a receiving-record- 
ing station. The measurements must 
be made, transmitted, and recorded 
with laboratory precision. 

Each remote station automatically 


Now with Quality Evaluation Laboratory, 
USNAD, Oahu, Hawaii. 
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Weather Data by 
Digital Telemeter 


Digital 


techniques 


permit relatively 


simple equipment to transmit data from 


several remote sources to a recording 


station with laboratory precision. 


collects, digitalizes, and sequentially 
transmits, via telephone lines, wind 
speed, wind direction, air tempera- 
tures, air temperature gradients, dew 
point, and atmospheric pressure data. 
At the receiving-recording station this 
information is decoded and recorded 
by an automatic electric typewriter 
and an automatic card-punch. 
Remote station facilities 

Figure 1 shows a general view of a 
typical remote weather station. The 
farthest of these from the receiving 
station is nearly 25 miles away. The 
structure in the left foreground is a 
temperature profile mast, which is 
mounted on top of an instrument cab- 
inet. The anemometer mast is at the 
right and the transmitter building is in 
the middle background. 

The temperature profile mast carries 


shielded resistance-bulb temperature 
sensors, which are placed at 0.1, 0.5, 
1, 2, 4, and 8 meters from the ground. 
Che wind speed and wind direction 
sensors are located 2 meters from the 
ground on the anemometer mast. 
Wind and temperature information 
is digitalized and coded within the 
instrument cabinet at the base of the 
temperature profile mast. This cabi- 
net is cooled and kept dust-free by 
blowers that draw filtered air from the 
outside to maintain the inside of the 
cabinet slightly above atmospheric 
pressure. 

The transmitter is located in the 
transmitter building, which also houses 
a sensitive, photoelectrically read 
mercury barometer. The barometer’s 
accuracy is not affected by building 
vibrations because the instrument is 
mounted on its own foundation, which 


FIG. 2. Simplified schematic of 
the digital weather data system. 
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Get Your Own B-NOBATRON! 


Multi-purpose B-Power Source Available in Five Models, Ranging from 
300 to 1000 VDC Tops; Low Ripple, Accurate Regulation; Provide 
Filament and Bias Current in Addition to High Voltage Output. 


Here’s the economical and lasting answer to B-Power supply needs for nearly every 
laboratory, and many industrial operations. Nobatrons are built to last, and serve 
without maintenance. Damage to the Nobatron and its load is prevented by input and 
output fuses. Five models offer ranges of: 0-300 VDC, 0-325 VDC, 0-500 VDC, 
0-600 VDC, and 200-1000 VDC. All but the largest model deliver 6.3 volts for 
filament supply and all but the 300-B and 1000-BB offer 0-150 volt regulated bias. 
Regulation accuracy is within a maximum tolerance of 0.5%*, and ripple 
is held to five millivolts RMS or below (except for 20 mv. maximum on the 
200-1000 VDC model). Input range is 105 to 125 VAC, with frequency of 50, 60, 
or 400 cycles. B-Nobatrons may be used in either cabinet or rack mountings, and are 
a handsome contribution to their quarters. Your local Sorensen representative will be glad 
to tell you all about these B-Nobatrons. Write directly for technical data, to 
SORENSEN & COMPANY, INC. Richards Avenue, South Norwalk. Connecticut 


*Only 0.15°%% maximum variation on the 0-300; 
and 0.25% on the 0~600 models. 
SPECIFICATIONS 
Model 3008°* 32588 50088 


Output 
Voltage VDC 0-300 0-325 0-500 


Output 

Current Ma 0-150 25 0-300 
Regulation 

Accuracy 


Rippi 

(Me RMS) 
Bias Supply 
(woe) 


25000 25000 


imp. (Ohms) 20 2.0 2.0 28 
AC Voltage 63/10 63/10 63/15 
(CT Unreg.) — amps amps amps 
6.3 at _ 
5 amps, series or 
parallel (two outputs) 


*may be connected positive or negative, in series or parallel 
**or +0.3 volts, whichever is greater 
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CONTROLLED POWER FOR 
RESEARCH AND INDUSTRY 











CLOSING THE 
CONTROL LOOP 
AUTOMATICALLY 


...with an RW-300 DIGITAL CONTROL COMPUTER 





INCREASED PROFITS 
FROM EXISTING PLANTS 


For the first time, a digital computer is available to close 
the control loop automatically —to provide greater profits 
by increasing plant throughput, improving product qual- 
ity, and decreasing operating costs. The new RW-300 
Digital Control Computer is engineered specifically to 
solve the difficult control problems of chemical plants, oil 
refineries, and other process industries. 


The desk-size RW-300, with built-in input and output 
equipment, is designed to be connected directly to process 
instruments and controllers. It continuously monitors the 
instruments, makes the required computations and deci- 
sions, and adjusts the set-points of the process controllers. 
In addition, it prints records of operating data. RW-300 
computer control is fast, accurate, and dependable. 


The computer’s program of instructions, stored in a 
magnetic drum memory, can easily be completely revised 
without modifying the equipment. As a result, the RW-300 
can also readily handle changing control problems such 
as those encountered in pilot plants and research centers. 
The RW-300 can in addition serve as a versatile comput- 
ing data logger and as a general-purpose computer. 


Ramo-Wooldridge has a staff of experienced systems 
engineers to handle applications of the RW-300. If your 
company has a problem in process control, pilot plant 
operation, or advanced data logging, write to: Director 
of Marketing, Dept. CE-712, The Ramo-Wooldridge 
Corporation, 5730 Arbor Vitae Street, Los Angeles 45, 
California. 


+ The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET « LOS ANGELES 45, CALIFORNIA 
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rests directly on the soil. The dew 
point sensor is mounted at the 2-meter 
level on the outside wall of the trans 
mitter building. 

The diagram of Figure 2 shows the 
instrumentation for a complete sys- 
tem, i.e., for a typical remote weather 
station and the receiving-recording sta 
tion. This system is operated, con- 
trolled, and monitored from the re- 
ceiving-recording station. Each remote 
station can be turned on and eff from 
here. On command, a system opera- 
tional test can be made by observing 
the signal levels of five tenes coming 
from a selected remote station. This 
test is usually made just after energiz- 
ing any remote station, and the five 
signal pulses are indicated simultan- 
eously on five milliammeters at the re- 
ceiving station. 


System operation 


Five tone oscillators in each remote 
station generate frequencies of 700, 
1,100, 1,500, 1,900, and 2,300 cps. 
Coding switches connect particular 
“chords” or groups of tones from these 
oscillators to the communications link. 
The receiving-recording station has 
three tone oscillators at 900, 1,300, 
and 1,700 cps. They are used to con- 
vey control information to the remote 
stations. 

As shown in Figure 2, the various 
meteorological instruments sense at- 
mospheric conditions and operate their 
respective electromechanical coders. 
The receiving commutator and a typi- 
cal transmitter commutator are shown 
in Figure 3. 

When data is to be read out from 
a selected remote station a start pulse 
is applied to the receiver commutator. 
This causes its wiper to rotate, ener- 
gizing each segment as it sweeps 
through one revolution. Near the be- 
ginning of the cycle, one of the seg- 
ments causes a particular chord to be 
transmitted from the receiver oscil- 
lator to the selected remote station. 
At the selected transmitter rack, this 
chord is separated by the transmitter 
detectors and recognized by decoding 
relays. In this way a start pulse .is 
applied to the transmitter commutator 
and its wiper begins to rotate. The re- 
ceiver and transmitter commutators 
then rotate synchronously. In the re- 
ceiver decoder, each coded input sig- 
nal is converted to its decimal equiva- 
lent, and the typewriter prints the 
proper character and operates the card 
punch machine. 

Figure 4 is a simplified electric sche- 
matic of the data decoder relay matrix. 





. 


FIG. 3. The receiving commutator chassis and a 
typical transmitter commutator chassis 
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FIG. 4. Data decoder relay matrix, simplified. 


In this schematic the relay-mounted 
contacts are arranged above or below 
the particular relay named. Coded in- 
strument readings are presented at the 
input terminals. In every case the 
most significant digit is transmitted 
first. Of the 32 different binary codes 
possible with five tones, 18 convey 
remote station data to the receiving- 
recording station. This is enough to 
allow coding and transmission of 
measuring instrument readings di- 
rectly in reflected binary and reflected 
decimal codes for minimum _incre- 
ments of one, two, or five, as desired. 

The binary codes are applied to the 
five input terminals shown in Figure 
4. Each code is followed by a period 
of open circuit, during which the all- 
zero code is indicated. To eliminate 
ambiguities in the coding process the 
decimal digits are reflected as well as 
the binary digits producing the cyclic 
binary and decimal code, where only 
one binary digit changes at a time. 


This means that the binary code ap- 
plied to the input is decoded to the 
number shown in the decimal equiva- 
lent column if preceded by an even 
number, and decoded to the comple- 
mentary number of the decimal equiv- 
alent if preceded by an odd number. 
The odd-even lockout relay is ener- 
gized when the all-zero code is present 
at the input. Its primary function is to 
prevent the odd-even storage relay from 
changing state while any other code 
is on the input terminals. This pre- 
vents a premature change of state of 
the actuators which operate the type- 
writer and the card-punch machine. 
To illustrate the decoder opera- 
tion, consider the action in handling 
the three-decimal-digit number 567 
and assume the information is coded 
in increments of one. For this num- 
ber the codes 01110, 00000. 00111, 
00600, and 01101 will be applied to 
the input in the order shown. The first 
code above will energize type actuator 
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LESS THAN 6 POUNDS OF GYROS 


STABILIZE MORE THAN 60,000 POUNDS/ OF AIRCRAFT 


New CONVAIR F-102A 
All-Weather, Delta-Wing, 
Supersonic Jet Interceptor 


RATE GYRO SYSTEM 


in the F-102A features 


3 Honeywell Model JR / Gyros 


with these / outstanding characteristics: 


EXCELLENT LINEARITY: 0.25% of Full Scale. 

LOW HYSTERESIS: Less than 0.1% of Full Scale. 

LOW THRESHOLD: Less than 0.01 Degree/second. 

MICROSYN PICKOFF: Variable reluctance type providing infinite 
resolution and high signal-to-noise ratio. 

FULL SCALE RATE: Up to 1000 Degrees/second 

FULL SCALE OUTPUT: 5 volts. 

RUGGED: Withstands 100G shock. 

VIBRATION: Withstands 15G to 2000 cps. 

SIZE: 2” diameter, 434,” long. 

WEIGHT: 1.8 Ibs. 


In the Convair F-102A Rate Gyro System, Honeywell JR Rate 
Gyros instantaneously detect aircraft turning rates. Resulting output sig- 
nals stabilize the aircraft throughout its entire range of speed and altitude. 
Teamed with other equipment, this Rate Gyro System makes possible uni- 
form pilot control response for all flight conditions. Model JR Rate Gyros 
are also designed into a number of production and development missile 
programs. Honeywell products and engineering experience are available to 
assist in the solution of your Gyro system problems. Write for Bulletin 
JR ... Minneapolis-Honeywell, Boston Division, Dept. 34, 1400 Soldiers 
Field Road, Boston 35, Mass. 


- Heneywell |H| 
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DATA PARAMETERS AND ACCURACY 





Function 


Range 


Resolution 
(Increment) 


Accuracy 





Wind Speed 0to 30 mph 


Wind Direction 0 to 358 deg 2 deg +3 deg 
Temperatures —30 to 150 deg F 0.5 deg F +0.8 deg F 
Temp. Gradients — 15 to 15 deg F 0.1 deg F +0.3 deg F 
Dew Point —50 to 150 deg F 1 deg F +3 deg F 


Atmos. Pressure 800 to 899 mb 


0.1 mph 


0.05 mb 





+(1.5%+0.15 mph) 


+0.2 mb 












number 5 and the odd-even sensing 
relay in the circuit. ‘The odd-even stor- 
age relay is energized when the next 
code (all veros) is presented at the 
input, because the odd-even sensing 
relay is a slow release type. When the 
third code is applied the odd-even 
storage relay remains energized through 
its contacts, causing the type actuator 
number 6 to be energized. The fourth 
code (all zeros) releases the odd-even 
storage relay and the last code ener- 
gizes type actuator number 7 
Typical instrumentation 

The wind direction sensor is the 
simplest device in this digital tele- 
metering system. It requires only a 
few milliwatts of power to extract the 
coded wind direction signals. A hight 
weight code disc (shown alongside the 







Remote Control 
for Manual Pots 


JOSEPH SALVATORE, University of Illinois 


It is often very convenient to be able to set potentiometers, 


wind vane in Figure 5) is attached di- 
rectly to the shaft of a Beckman- 
Whitley Model 170-53 wind vane 
transducer. It rotates in response to 
changes in wind direction. The sig- 
nal brushes are poised close to the 
disc without touching it, permitting 
unrestrained response of the vane shaft 
to wind direction. To make a reading, 
three sets of brushes supported by a 
solenoid actuator are pressed momen- 
tarily into contact with the code disc 
at the proper instant in the timing 
cycle. This produces the three-decimal 
digit signal denoting wind direction. 

Digitalizing each of the other mete- 
orological measurements was an instru- 
mentation problem in itself. Some 
of these, for example, use a servo bal 
ancing bridge to drive a code disc. 
Another, the wind speed instrunient, 






FIG. 5. Coding disc is attached to shaft of wind vane 
Brushes do not contact disc except when reading 

































counts output pulses proportional to 
speed for a fixed time of 84 sec, then 
uses these pulses to drive a rotary step- 
per which positions a code disc in ac- 
cordance with the pulse rate. 

Temperature gradients (differences 
between adjacent temperature signals 
on the temperature profile mast) as 
well as the temperatures themselves, 
are recorded from resistor bulb instru- 
ments which are shielded from direct 
solar radiation. The table shows the 
range, resolution, and accuracy of the 
various meteorological data as recorded 
at the receiving station 


REFERENCI 


THE DIGITAL ANSWER TO DATA TELE- 
METERING, E. A. Ragland and D. E. 
Wassall, CONTROI ENGINEERING, 


ce} 


August 1957, pp. 95 


FIG. 1. Remote control us« mall pm motor 
and a slip clutch to drive ma mtrol shaft 






capacitors; and switches from a remote position. But in most 
cases, local manual control must be retained also. A small 
remote control unit used by the Control Systems Laboratory 
at the University of Illinois has proved so useful that a number 
of units has been made up and kept available in stock. 
Essentially, the unit is a small 28-volt permanent-magnet 
motor (easy reversing: cnly two wires are needed) with a step 
down gear train and a slip clutch. The clutch pressure is adjusted 
to slip at the end of potentiometer travel so that the motor 
cannot damage the control. The clutch also permits the control 
to be turned manually without rotating the motor. Figure | 
shows a rear view of the remote control mechanism. The slip 
clutch is worm-driven by the motor and the clutch assembly 
has been drilled to slide over a quarter-inch shaft. Figure 2 
shows the remote control as it appears in a typical installation. 
It is believed a small motor manufacturer could make these 
units commercially available and save money for all concerned. 
























* 


FIG. 2. In typical installation, control is 
still adiustable locally by hand 
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G-E Unijunction Silicon Transistor 


NOW FULLY CHARACTERIZED AND PROVED 
FOR USE IN SIMPLIFYING CIRCUITRY 


The unique advantage of the unijunction transistor lies in its open-circuit-stable nega- 
tive resistance characteristics. The unijunction is the nearest solid state equivalent to 
the grid-controlled thyratron and is very sensitive to voltage levels. It is primarily 
useful in switching and oscillator applications. Not only will one unijunction do the 
job of two transistors (and with less circuitry) but the circuit will be more stable 


over a wide temperature range. 








Technical data and application ideas are available to help you in studying the 
unijunction—the first device other than the transistor itself to reach commercial 
success. The six unijunction types can be obtained from most G-E Distributors, or write 
General Electric Company, Semiconductor Products Dept., Section $16127, Electronics 


Park, Syracuse, New York. 


SPECIFICATIONS OF THE SIX 
SILICON UNIJUNCTION TYPES 





VOLTAGE GRADIENT 
> -—+=— + 10¥. 
Absolute maximum ratings (25°C) . pRoTective bomare 9 +OVOLTS 
---- ¥ 

RMS power dissipation 250 mw RESISTOR 
RMS Emitter current i 
Peak emitter current : ee ----4 2 
Emitter reverse voltage 

~ wm =— + IV 
Operating temperature range 


---=- +0 





Storage temperature range 





Major electrical characteristics (nominal) 


The unijunction consists of an “N” type silicon bar mounted between two 

2N489 490 491 492 493 y Gaye kw vier z ‘ me ie 
Interbose ohmic base contacts, with a “P” type emitter near base 2. When the emitter is 
35°C junction forward biased, emitter current flows, lowering the resistivity of the bar 
temp 5.6 7.5 5.6 7.5 . between emitter and base. Inherent regeneration results in a negative emitter 
pei to base 1 impedance. As the emitter current increases past the valley of the 
ratio 56 .56 .62 curve, the conditions for inherent regeneration cease to exist. The peak point 
Modulated . ’ 2} i > agative ists ‘e regi 
eatlinan of the curve shows the beginning of the negative resistance region. 
current 12 12 12 
Emitter 
reverse 
current 
(Tz=25°C) .07 .07 .07 


(Ts=150°C) 28 28 28 Among the many simplified cir- 


cuits possible with the unijunction 

(cutting transistor requirements in 

half) are a frequency divider, matrix 

switching circuit, low level d-c 

current-sensing circuit, temperature 

Progress ls Our control element, phase and/or ampli- 
tude sensitive switch. The conven- 

Most /mportant Product tional multivibrator circuit (above 
right) requires even more circuitry 

than is shown if it is to be as stable 

as the comparable unijunction cir- 

cuit shown below. A relaxation oscil- 

lator usually takes 4 resistors, 2 


transistors and a capacitor. A single 
G b N F r A L unijunction, a resistor and capacitor 
) will do the equivalent job. 
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A Proposed 


IDEAS AT WORK 


Correlation-Function Generator 


A hydraulic analog computer is proposed here 


for generating the auto- and cross-correlation 
functions of pneumatic signals from process 


The 


instrumentation. 


permit response measurements to be made 
. . . 1,2 
without disturbing the measured process 


D. P. HINES, General Electric Co., and 
H. THAL-LARSEN, University of California, Berkeley 


correlation 





For lominor flow 


. 4 
functions TO* hy 





128 yl 


Discharge to atmosphere 
Q=Kop 
































Process 
output ———~> 
pressure 

m(f) 





Shutter 
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To sump 





= hal 
Shutter 
Position 
controlled 
by bellows 





. 1. In laminar range, discharge rate, QO, is proportional to pressure, p. 
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FIG. 2 


Multiplication of process output pressure 


10 
Pressure ~ psi 








by position of shutter. Product is represented by height 
of fluid collected in graduate during time, 4. 


Generating a correlation function 
may be thought of as -an averaging 
process. The autocorrelation function 
of a variable, m(t), has been defined as 


1 L 
OL F m(t)m(t — r)dt 
-L 


m/(t) function varying with time 
(pneumatic pressure, for 
ample) 

émm(t) = correlation function, (psi)* 
| = limit of integration used in defi- 
nition of correlation function 
r+ = time base for énm(r), sec 
t time, sec 


omm(T) 


where: 


This can be approximated by 


, 
omn(tr) = 


ink 
] , , ; 
K mi(t')m(t' — +r’) 


wa 
gA 
integers 
= summation limit 
A convenient time increment, sec 


where: 


The crosscorrelation function is a 
measure of the correlation between 
one variable, m(t), and another, n(t): 


ink 


; l ’ ; ’ 
éonma(t ) 2 mit )n({t' — rr) 
K 
1—“v 


FIG. 3. Results of laminar flow test on 2-mm-ID glass tube 6-in long. 


Three simple mathematical opera- 
tions must be performed to obtain 
either of these correlation functions. 
These operations, multiplication, ad- 
dition, and division, can be done eas- 
ily by the most elementary computers. 
The large number, K, of products 
which must be computed, however, 
complicates the problem. Also, since 
the function m(t/ —7’) is the value of 
the variable at a time earlier than 
data storage is necessary. Both these 
difficulties are reduced if the variable 
function of time is recorded and the 
computations done in tabular form. 

Lengthy point-by-point computa- 
tions become a chore for the analyst 
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When you need 
m4) ie de) (om Orel enage) 


o} mm lald-leaaluad-lel mi @)el-le-talela 


@ Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
e Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 
you need e@ Time delay characteristics are fixed and tamper- 
proof. 
e Adlake Relays are quiet, chatterless and require no 


maintenance whatever. 
ae oe If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 


& Westiake Company, 1181 N. Michigan, Elkhart, Indiana. 


relays Make the Adams & Westlake Company 


new york ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 
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IDEAS AT WORK 


who finds frequent use for the corre- 
lation function. A continuously oper- 
ating analog computer is a real help 
in handling long data records. 

The hydraulic correlation computer 
proposed here uses the phenomenon 
of laminar flow (flow directly propor- 
tional to the head loss within a pipe 
due to fluid friction). In discharging 
to the atmosphere, the volumetric 
flow is directly proportional to the 
pressure imposed on the fluid. Figure 
| illustrates a simple way to translate 
the usual 3-15 psig air pressure within 
pneumatic instrument lines into fluid 
flow proportional to that pressure. 

Figure 2 illustrates how the fluid 
flow may be “multiplied” by another 
quantity, Enough tubes or small pipes 
should be used to approximate a uni- 
form field of “fluid flux”. The amount 
of “fluid flux” reaching the collector 
pan is proportional to the position of 
the shutter. By positioning the shut- 
ter proportional to m(t — 7’), the fluid 
collected in the graduate is propor- 
tional to m(t’) X m(t/— 7). 

Ordinary glass tubing with a small 
ID, as used in chemical apparatus, is 
satisfactory for the construction of this 
analog computer. Figure 3 is a graph 
of the results of a test of a high-grade 
lubricating oil flowing through a 
2-mm-ID, 6-in.-long section of glass 
tubing. At flow rates corresponding to 
pressures less than 24 psi, the effluent 
broke up into droplets. Above 13 psi, 
the velocity head became appreciable. 
The inserts depict the geometrical 
flow characteristics at the proposed de- 
sign limits for this particular tube. 


Figure 4 shows the functional de- 
tails of the complete correlation com- 
puter. At the top is a disc-shaped sup- 
port tray, with only three of its many 
apertures shown for simplicity. Each 
aperture has a shutter operated in 
turn by a pneumatic bellows (reverse- 
acting as shown) located at the 7’ = 0 
position. In the lower view, a rotating 
shower head arrangement continually 
supplies the “fluid flux” around the 
periphery of the support tray. Under- 
neath each shutter and aperture in the 
tray is a stationary collector pan and 
graduate. 

The correlation-function generator 
operates as follows: the pressures to 
be multiplied are introduced in two 
places, the fluid reservoir and the 
pneumatic bellows. After the time in- 
crement, delta, has elapsed, the sup- 
port tray with the shutters riding on 
top indexes clockwise. After another 
time unit, it indexes again. The shut- 
ter which appears in the 7 = —2A 
position will always have received its 
signal from the pneumatic bellows 
two time units before. It thus acts as 
a memory device to trap the intensity 
of a pneumatic pressure and hold it. 
In the lower view, the shower head 
emits the “fluid flux’, which is pro- 
portional to the present intensity of 
the pneumatic pressure. The fluid 
which collects in the 7* = —2A grad- 
uate is then proportional to the fluid 
pressure and the shutter position, 
which were multiplied together. 

The rotation of the shower head is 
independent of the action of the sup- 
port tray. That is, it merely sweeps 
around the vertical axis with one or 
more complete revolutions during each 
time increment, delta. This pro- 
vides the same fluid flux to every 
station. ‘The process is shown in de- 
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FIG. 4. Correlation computer shown in de- 
tail for station r’ = —24. Shutter was po- 
sitioned two time increments earlier 


tail for the station of * = —24. A 
similar process occurs at every station, 
and the profile of fluid levels in the 
graduates becomes an approximation 
of the plot of the correlation function. 
The main application for this gen- 
erator is the simultaneous and con- 
tinuous generation of many points on 
the correlation curves for a going 
process. For such applications it would 
probably be much cheaper than de- 
signs based on electronics, 
REFERENCES 
. CORRELATION FUNCTIONS AND 
NOISE PATTERNS IN CONTROL 


ANALYSIS, H. Thal-Larsen, ASME paper 
57-IRD 4. 

. DETERMINATION OF SYSTEM 
CHARACTERISTICS FROM NORMAL 
OPERATION RECORDS, T. P. Good- 
man and J. B. Reswick, “Trans. ASME”, 
Vol. 78, 1956, pp. 259-271. 

. DETERMINE SYSTEM DYNAMICS— 
WITHOUT UPSET, J. B. Reswick, CON- 
TROL ENGINEERING, June 1955, pp. 


50-57. 


Pitch g Limiter Protects F-102 


CARL G. ERICKSON, Convair, San Diego 


Failure of its automatic 
flight control system can 
produce’ acceleration 
forces that exceed an air- 
craft's structural design 
limitations. The pitch ¢g 
limiter described here pro- 
tects the F-102 against 


such failures. 


The F-102 “Dagger” interceptor 
has three control modes. In the direct 
manual mode the pilot has full con- 
trol of the flight of the aircraft. He 
also has control in the damper mode, 
but small-amplitude oscillations due 
to gusts are damped automatically. 
In the automatic flight control system 
(AFCS) mode the airplane will fly 
under automatic control without the 
pilot holding the control stick. He can 
override the AFCS, however, by apply- 
ing force to the stick. The damper 
subsystem also operates in this mode. 


A component failure in the damper 
subsystem causes very small changes 
in the angles of the control surfaces, 
so that excessive accelerations cannot 
result. A failure in the electronics of 
the AFCS, however, can cause very 
large control surface motions. This 
type of failure ranges from “soft- 
over” to “hardover”’. A softover fail- 
ure is one in which the surface moves 
relatively slowly. A hardover failure is 
one in which it moves at maximum 
available rate without corrective ac- 
tion. In the latter the aircraft could 
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HAGAN RING BALANCE FEATURES—NO. 3 


CHECK 
CALIBRATION 
OR CHANGE 
RANGE IN 
MINUTES 


without water columns—without 
disconnecting meter from line 


The calibration of any Hagan Ring Balance meter can be checked 
—in minutes—by simply hanging the appropriate weight on the 
check weight rod. Similarly, range change over a seven to one 
differential range can be done with equal speed and accuracy. 

In terms of instrument technician’s time, you can easily figure 
how much this one feature of the Ring Balance will save you. And, 
you don’t have to take a busy pipefitter away from other work to 
break connections. 

Ask your Hagan engineer to show you how easily range change 
and calibration checks can be made, using only the set of check 
weights supplied with each meter. Ask him, too, to explain some of 
these other outstanding features of the Hagan Ring Balance: 


. High sensitivity at low flows due to unique range calibration 
system. Full scale deflection at 44” WC. 

2. Safe operation with rings rated at 2,500, 6,000, 15,000 psig. No 
gaskets, no stuffing boxes. 

. Sealing fluid density and level not critical. No eye-droppers. 

. Interchangeable ring assemblies for full scale ranges from 0.5” 
WC to 560” WC. Adjustment on any one ring over a seven to one 
differential range. 

. Wide range computation and/or compensation by means of built- 
in, easily checked mechanisms available on most models. 

6. Pneumatic or electric transmission also available. 


Bulletin MSP-141 describes these features and the new design of 
the Hagan Ring Balance meter case. ASK US FOR IT. 


N CHEMICALS & 
CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


IN CANADA: HAGAN CORPORATION (CANADA) LIMITED 
OFFICES IN: MONTREAL, TORONTO, VANCOUVER, EDMONTON 


CONTROL ENGINEERING 


TIME SAVER—This shows how easily a Ring 
Balance can be checked. Note there are no 
two-story water columns—cne man is doing 
the job—and the meter has not been discon- 
nected from the line. In fact, Ring Balance can 
be checked at full static pressure if desirable. 

The check weight is factory calibrated 
against a micrometer type manometer, and its 
equivalent in inches of water column is 
stamped on the side. The serial number of the 
meter to which it belongs is also stamped on 
the collar. A full set of calibrated weights is 
supplied with each meter. 


Rear view of Ring Balance with cover plates 
removed. Here the test weights are in position 
on the test weight rod. Note accessibility of 
all parts for easy adjustment. 
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exceed its structural limitations be- 
cause of excessive loads of normal 
acceleration. 

When a hardover failure occurs, 
there is a lag of about 0.3 sec prior to 
load builup. This lag is due to a 
sudden loss of surface area, which 
causes the aircraft to drop. After stud- 
ies showed that the surface movement 
must be stopped before the aircraft 
regains the load which it had before 
the failure, it was decided that a 
“pitch g limiter” should operate to 
disengage the AFCS when a certain 
value of pitch angular acceleration is 
reached, and allow the feel system 
to force the controls back to elevator 
trim where the pilot would have 
flight control. Softover failures could 
be sensed by a normal accelerometer. 
The control requirements can be 
described by the following equation: 

—K, 2n+K.62+K, 
where 
n = Normal acceleration (parallel to 
yaw axis) in g’s. en the air- 
craft is flying level or is on the 
ground in the three-point posi- 
tion, the pitch g limiter would 
sense 1 g. 
§ = Pitch angular acceleration in 
degrees per second per second. 
K, and K; are limit settings. When 
these were equaled or exceeded, 
the pitch g limiter would disen- 
gage the AFCS. 
K} is a constant applied to 8. 
The equation requires an angular ac- 
celeration signal, 6. It was found that 
the pitch rate gyro already in the 
aircraft damper system could be used 
very satisfactorily for sensing angular 
acceleration. A signal from the aircraft 
damper system pitch rate gyro is dif- 
ferentiated and combined with a sig- 
nal from the normal accelerometer. 
The pitch g limiter system thus 
evolved is shown in Figure 1. 

Including the dynamics of the gyro 
and accelerometer, the final pitch g 
limiter equation became as follows: 


Ries _n(0.022S8 +1) 
_17f = @018S+1)@.07S+1) 


S? S 
*: Wa +75 + 1) 


0.08586 _ 
(0.0138 +1) (0.0658 +1) 


S? S 
/{ - + 1 
x UF 75 * ) 
4s 
02 
S = Laplace transform operator 


6 = Pitch angular velocity 
S6 = 6 = Pitch angular acceleration 


where 





Pitch rate 
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Nie 
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accelerometer | 











The natural frequency of each 
sensor was 75 rad /sec, and the damp- 
ing ratio of each sensor was about 
0.5. The voltage gradient of the 
sensors is also included in the overall 
equation. The triggering settings each 
had a tolerance band (—1.2 to —1.7 
and +4.2 to +5.2). This band allows 
for the tolerances in the components 
and for the effects of the difference 
in environmental conditions which 
the Dagger would experience. The 
differentiation time constant in Figure 
1 is adjusted to prevent triggering on 
high frequency “noise” signals. 


System testing 


The pitch g limiter was tested under 
various environmental conditions to 
evaluate its performance. The normal 
accelerometer was tested with the use 
of a centrifuge. The special equip- 
ment designed to test the pitch g 
limiter is shown in Figure 2. A disc 
pivoted on precision ball bearings is 
rotated by a freely falling weight at- 
tached to a fine wire. The gyro is sup- 
ported at the center of the disc. 

Before the test a fine supporting 
wire prevents the disc from rotating. 
This wire is broken instantaneously by 
a high voltage, thus producing a step 
input of angular acceleration. Oscillo- 
graph recordings are made of the 
gyro’s output. The step inputs can be 
changed by changing the weights. 

A plot of angular acceleration vs. 
triggering time was obtained by trans- 
forming Equation 2 from the Laplace 


FIG. 1. Pitch limiter system 
used in F-102 Dagger 




















Holding wire 
(burned by 
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FIG. 2. Equipment applies step input of 
acceleration to pitch rate gyro for test. 


domain to the time domain and plot- 
ing with the appropriate tolerances. 
This plot (Figure 3) indicates how fast 
the system must respond to step in- 
puts of angular acceleration. During a 
possible failure in flight, the angular 
acceleration input would more likely 
be a ramp than a step. A step input 
was more simply provided, however, 
and satisfied test requirements. 

In flight tests of the pitch g limiter, 
the effect of linear acceleration was 
tested by putting the airplane into a 
turn and slowly increasing the g load. 
Combined effects of angular and 
normal acceleration were tested by 
sharply applying a positive or nega- 
tive pulse to the elevator. 





c 


FIG. 3. Limiter must 
trigger in narrow accel- 
eration-time bands to pro- 
tect aircraft without 
nuisance triggering 
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A NEW DIMENSION IN FLOW MEASUREMENT 


The C-Mar Tapor-Flo meter marks a new and significant 
advance in precision flow measurement . . . especially at low 
flow rates. It is an area-type flow meter whose outstanding 
performance characteristics are the result of modern pro- 
duction techniques. 


Ultrasonic impact grinding shapes the flow orifice with 
exact reproducibility in glass or metal—permitting high 
guaranteed accuracies. 


Precision bore tubing and close tolerances on the float 
(+0.003 in.) minimize friction. 


The C-Mar Corporation now offers a number of practical 
meter designs for specific applications in research labora- 
tories, pilot plants, industrial processes, and as components 
of original equipment. It will pay you to investigate the 
potential advantages of these new meters for your flow 
measuring problems. Write for literature today. 


CMAR Corporation 


TAPOR-FLO INSTRUMENTATION 


TAPOR-FLO METERS OFFER YOU THESE BENEFITS: 


1. Accurate Measurement of Low Flows: Typical minimum 
range: 0.013 to 0.13 gpm of water with excellent read- 
ability even at lower end of evenly-graduated scale. 


High Stability of Float Position: Float lines out quickly 
with minimum cycling. Holds position with high stability 
in the face of fluctuating line pressure. 


. Linear Response to Flows: Inherent linear response of 
float provides linear output signal in transmitter models. 
Ideally suited for use in ratio-flow control and data 
handling. 


Capacity Easily Changed Over Wide Limits: Floats of 
different weights are easily changed in less than a minute. 
Maximum range can be up to six times minimum range. 


. Simplified Installation and Maintenance: Tapor-Flo 
design minimizes problems of installing and maintaining 
C-Mar meters. 


35 Euclid Ave., Manasquan, N. J.* Phone: CAstle 3-0O515 
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For laborctory applications, this glass 
model is a highly versatile flow indi- 
cator. Can be easily installed and 
maintained by inexperienced techni- 
cians. For pressures up to 80 psi and 
temperatures up to 150 F. 


MB Series . . . Write for Bulletin 1010 


For “in-line” installations, this rugged 


design has a heavy-duty glass jacket 
with metal body. Can handle pres- 
sures to 250 psi and temperatures to 
150 F. Also available as flow trans- 
mitter for use with remote electronic 
recorder or recorder-controller. 


MH Series . . . Write for Bulletin 2010 


For pressures to 15,000 psi and 100 F 
maximum, this Type 316 stainless steel 
transmitter permits accurate measure- 
ment and control of smalier flow rates 
at high pressures. Used in combina- 
tion with electronic recorder or 
recorder-controller. 


DC-3 Series . .. Write for Bulletin 3010 
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NEW IR CAMERA spots ovetheat conditions. 


The photo at the left shows the rugged construction of the 
new Far Infrared Camera, a device designed for thermal 
photography involving low temperature. Unlike other infra- 
red detectors, which are limited to objects at temperatures 
of 1,000 deg F or more, this instrument will quantitatively 
analyze complete areas at temperatures from 500 deg F 
down to below 0 deg F. The simplified diagram below the 
photo represents a plan view of the unit, which consists of 
a standard 8-in. Optitherm Radiometer and a scanning at- 
tachment. Located in the attachment is a large plane mirror 
mounted on a pivot system that permits both horizontal and 
vertical deflection. This mirror deflects the optical beam of 
the radiometer and thus scans the small area subtended by 
the infrared detector over the object plane. A smaller mirror 
attached to the back of the scanning mirror deflects the light 
; beam from a small glow tube onto a photo-sensitive film. 

Scanning mirror No special film is required, but Polaroid Land Film gives 
the quickest results. Because the two mirrors are in exact 

synchronism, and because the glow tube light beam is in- 

Radiometer A : tensity-modulated by the radiometer output, a thermal image 
head — of the objects in the overall field of view is formed. During 
— NN the rapid horizontal return of the scanner, a blanking cir- 

. 1\\ Collimating cuit cuts off the glow tube output to avoid retrace lines. 
infrored * | lens A finished picture can be ready for analysis 1 min after 
detector ses cag ' the scanning cycle is completed. Total scanning time is 

Fs. adjustable to the application requirements, which include the 
Secondary Scanner 4 es Glow tube overall field of view, resolution, and sensitivity to small tem- 
mirror perature differences. Accordingly, scanning time may vary 
from about 1 to 14 min. 

On the finished picture, light areas correspond to objects 
emitting the most heat; dark areas to those giving off less 
heat. When maximum sensitivity is needed, the unit will 
detect temperature differences as small as 0.02 deg C. 

Perhaps the widest application for thermal photography is 
in industrial scanning. A heat picture of a refinery, for 
example, can pinpoint undesirable hot spots, while one of 
electrical cB ai will show up overloading or poor switch 
contacts. The second photo illustrates an interesting applica- 
tion. Here three transformers, each mounted on the cross- 
arms of an electric line pole, and their output leads appear 
lighter due to heat generated by the flow of large currents. 
The wooden pole and crossarms appear warmer than the 
tree leaves, which are barely discernible in the lower right 
hand corner. Wires not carrying heavy loads appear cool. 

Abnormal heat pattern in electronic equipment, welded 
structures, machine parts, and metal castings could also be 
used as a means of improving quality control.—Barnes Engi- 
neering C»., Stamford, Conn. 
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NITROGEN GAS ANALYZER uses r-f energy. 


Instead of direct current, this new Model A-6 Nitrogen 
Gas Analyzer uses radio-frequency energy to excite the gas 
sample. This improves stability and accuracy, and makes the 
instrument more useful in medical applic ations such as lung 
and heart function studies, as well as in demanding indus- 
trial determinations. 

In operation, the gas sample enters through a needle valve 
and, at very low pressure, passes through a quartz discharge 
tube where r-f energy excites the nitrogen gas, causing a 
uniform ionization glow. Intensity of the glow is measured 
by a filter-photocell system, whose output is calibrated in 
percent nitrogen. Base scale ranges from 0 to 100 percent. 
~The Waters Corp., Rochester, Minn. 
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MAGAZINE PROCESSOR speeds development. 


Designed for direct attachment to the company’s Type 
5-119 Recording Oscillograph, this new direct-writing maga- 
zine provides developed and dried photographic records as 
fast as the data is presented. Called the 5-036 Datarite 
Magazine, it uses an exclusive high-speed system of “flash- 
processing” to chemically develop an oscillogram at rates 
up to 25 in. per second. The unit features continuous and 
practically instant access to the record and furnishes a com- 
pletely dried oscillogram that can be examined in full day- 
light. A nominal capacity of 400 ft of 12-in. paper is suffi- 
cient for long runs. Unit operates on 115-volt, 60-cycle power 
and weighs 55 lb with developer and paper roll.—Consoli- 
dated Electrodynamics Corp., Pasadena, Calif. 
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PRESSURE PICKUPS are precision made. 


Pictured is one of the Series 6000 Pressure Transducers, 
new units with accuracies previously unattainable in pressure 
potentiometers. Because of their high-level output voltages, 
they need no further amplification for control circuits, indi- 
cating instruments, or telemetering equipment. Their output 
signals may vary linearly or nonlinearly with pressure, and 
their ranges extend from 0-5 to 0-5,000 psi. These units use 
a precision carbon film resistance element with virtually 
infinite resolution, permitting direct coupling of wiper to 
bellows or bourdon tube. Power input to the device is 0.4 
watts at a maximum current of 25 ma. It is designed for a 
temperature range of minus 55 to 85 deg C.—Computer 
Instruments Corp., Hempstead, L. I., N. Y. 
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LEVEL INDICATOR gages up to 6 tanks. 


Model 300 Echogage transistorized liquid level indicator 
uses the ultrasonic pulse-ranging principle of liquid-level 
measurement. Thus it completely eliminates the need for 
floats, linkages, synchros, or other moving parts. Applications 
include accurate level indicating in storage tanks, dewar 
vessels for corrosive chemicals, liquefied petroleum gases, 
liquid carbon dioxide, and all cryogenic liquids. Another 
practical application would be the precise location of an inter- 
face between two immiscible liquids. 

Level is read directly in feet on the meter scale shown. 
A single unit will gage as many as six transducer-equipped 
tanks within a radius of 1,500 ft. Built-in calibration is also 
provided.—Bogue Electric Mfg. Co., Paterson, N. J. 
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ELIMINATE ERRORS |iaaaiaaal 
H MIXING RESEARCH, TEST, 


& DEVELOPMENT 


PORTABLE READER 
Designed to sell for about $1,700, the 
Model R-1 oscillogram reader handles 


anv number of linear or nonlineai 
scale factors and automatically cor 


‘ rects for the zero line location of each 
with channel. ‘Tracking, record damage, 


and record tension problems are mini 

. mized. Portable and back-lighted, the 

NIAGARA Automatic unit will handle film widths from 0 
to 16 in. with a maximum roll diam 


of 6 in. A vertical variable scale is 
provided for counting cycles, reading 


rectly. Other features include adjust 
able speed drive, brake motor for in 
stant stopping, and cantilevered rolls 
for quick easy loading.—The Gerber 
Scientific Instrument Ci Hartford, 
Conn. 


Displacement Meters I & frequencies, or spacing stations di 


- Circle No. | d 
Uniformity of a liquid product depends on Pee a ae 


accurate measurement of all ingredients from 

batch to batch. You can be sure of consistent 

accuracy by equipping with Niagara Electri- 

contact Meters. A precision electric switch 

closes or opens an electric circuit after the 

passage of a predetermined quantity of liquid 

through the meter. Can also be used to generate 

electrical impulses to actuate other control 
mechanisms... shut off a pump motor... signal Chemica! Meter 
visually or audibly to the operator. Brings auto- fegister. 
mation to liquid control and measurement in, yy 


hazardous or non-hazardous atmospheres. Explosion 
roo eter 


Begin now to lower your 

liquid measuring costs and 

have the assurance of posi- 

civesccuracy. Mail coupon |, "ems cid 2 comet infoemerion on she oe 

for complete information. data below: BH -o A 
Liquid Pressufe..........0++++--Sei, SLIDES IN TWO MINI rES 


Temp. Fs Shown is the new Polaroid Cop 
Flow rate z.p.m. 


maker Model 208, just one item in a 


METES ¢o os eenmipae ; complete photographic system that 


, is now available for making black-and 
2932 MAIN STREET Company.. “% white slides for immediate lantern 


BUFFALO 14. NEW YORK : Atte . slide projection. Other items include 
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Our biggest asset can’t be photographed 


What’s inside this engineer-scientist’s head? A camera won't 
reveal that for 30 years a trained mind has been accumulating a 
vast fund of knowledge on gyroscopes and has come forth with 
sound original thinking on inertial guidance. 


No photograph can tell that another man thoroughly grasps 
the present state of the art in infrared technology and has crea- 
tive ideas for the future. 


»* We can’t show pictorially the knowledge and reasoning ability 
other staff members bring to such subjects as radar, general elec- 
tronics,:semi-conductors, computation, mechanical design, and 


MECHANICAL DIVISION 


all the other fields of competence that go to make up a balanced 
research and development facility. 


Nor can we show the special types of gray matter that make a 
first class systems engineer, a top production man, or a forward- 
looking executive to keep these specialists functioning smoothly 
as an integrated organization. 


But we can tell you what these people have done in the past, 
what they are doing now (where military security permits), and 
what we believe they can do for you. Write Dept AW, Mechanical 
Div., General Mills, 1620 Central Ave., Minneapolis 13, Minn. 


General 


Mills 


Creative Research and Development + Precision Engineering and Production 
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snap-together slide mounts to prevent 
pictures being shown upside-down or 
backwards, a special 500-watt slide 
projector, and _ virtually grainless 
panchromatic film (two sizes) that 
has an ASA rating of 1,000. Type 46 


film produces 24-by-24-in. slides, Type 


MICRO-MINIATURE PRECISION WIRE-WOUND * | 46L, 34 by 4 in. slides. Research 


| work and the preparati of techni- 
POTENTIOMETERS cal papers saint 465 speticatioins for 
= the equipment. ‘There are many 


ea . “ole others.—Polaroid Corp., Cambridge, 
Greater Heat Dissipation Cr" sa 6 


2 watts at 60°C. j : Circle No. 7 on reply card 


IMMEDIATE DELIVERY 
in the following resistance values 
100 Ohms 1,000 Ohms 10,000 Ohms 


250 Ohms 2,500 Ohms 20,000 Ohms 
500 Ohms 5,000 Ohms 25,000 Ohms 


ACCURATE PLOTTER 


.% Ou. 4 _ | | The Dataplotter, a brand-new tool for 


’ business and engineering offices, takes 

ACESETS shown approx. % size | digital information from a punched 

card, punched tape, or magnetic tape, 

Now you can select from nine different resistance values | and plots it in a continuous graph. 

and improve the accuracy and dependability of your circuit It works by storing data on a single 
performance. ACESET precision, wire-wound, micro-miniature point in its memory device, picking 
potentiometers offer greater stability under temperature cycling up information on a second point, 
through the use of 20 ppm temperature coefficient wire. Im- calling back on its memory for the 
proved performance at lower costs have been achieved by mass first point, and finally drawing a con- 
producing to standard specifications. Shipments are guaranteed tinuous line between the two points. 
within 24 hours of receipt of order. Call, wire or teletype Dept. Extremely versatile, it can make con- 
H at Ace Electronics Associates, Inc., 99 Dover Street, Somer- tinuous line graphs, bar graphs, multi- 
ville, Mass. SOmerset 6-5130. TWX SMVL 181 | colored graphs, broken-line graphs, or 
graphs with symbols from a special 
head that supplies up to 12 different 
symbols. Plotting accuracy is within 
| 0.05 percent over a 30-in. board, an 

MECHANICAL SPECIFICATIONS ELECTRICAL SPECIFICATIONS Hs ep oneckoeage tome ‘ae Sea 
One piece precision-machined metal case Heat Dissipation: 2 watts at 60°C. in commercial graph paper.—Elec- 
Passivated stainless steel shaft Voltage breakdown: 1,000 VDC tronics Associates, Inc., Long Branch, 


N. J. 





Self-contained locking device Electrical Angle: 325° nominal Circle No. 8 on reply card 
Panel anti-rotation pin Temperature coefficient of wire: 20 ppm 


Mechanical rotation: 330° nominal Resistance tolerance: = 10% 


Size: 2” diameter x 4" body length Linearity: =5% DIGITAL READOUT 


The new Model 170 Portable Force 
Calibrator is a direct reading, auto- 
matic balance, digital servo indicator 
for calibrating existing weight, force, 
and thrust measuring systems. Accord- 
ELECTRONICS ASSOCIATES, INC. ing to the manufacturer, it provides an 
extremely fast and simple method of 

*TRADEMARK APPLIED FOR force calibration for two reasons: (1) 


ACEPOT® ACETRIM* ACEOHM® ACESET® it is portable (weight is only 40 Ib), 














“ 
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How You Can Save Time 
Estimating Leakage Factors 
for Magnetic Circuits | 


Computing even approximate values for 
leakage flux in magnetic circuits is a time 
consuming job. The research department 
of Indiana Steel recently undertook a se- 
ries of studies, supported by the U.S. Air 
Force, to simplify these computations. 
Dr. R. K. Tenzer reported the results of 
this work, which reduce the time in com- 
puting leakage flux up to 90% by dimin- 
ishing the number of mathematical oper- 
ations necessary. 

The investigations were done on circuits 
with permanent magnets; the results were 
also found applicable to unsaturated 
electromagnetic circuits when the coil- 
covered parts were treated as permanent 
magnet parts. 

After checking values obtained by this 
method with actual measured values for 
many Type I, II, and III magnetic cir- 
cuits, deviations were found to be less 
than + 10%. 


Leakage Flux, Leakage Factor 


Because of magnetic leakage, only a part 
of the total flux through the neutral zone 
of the permanent magnet is found in the 
air gap. The difference between these two 
values is known as leakage flux. Mathe- 
matically this is: 


OL = ot — oo (1) 


In practical design, leakage is best con- 
sidered as a factor stated thus: 

ea Hni ye (2) 

oo by 

For simplification, the flux can be as- 
sumed to follow three basic, probable 
paths: ¢. between parts a, # between 
parts b, and ¢, along part c. The equation 
above then becomes: 


With ¢ = mmf X P, this formula can be 
‘written: 
mmf 


o=1+ ——* P, 
B mmf, (4) 

mmf, 

mmf, -* + 


mm), 


P.) 


Letting the mmf ratios be denoted by K, 
1 . 
o=1+5 (KP. +KiP + KP.) « 


(5) 
This becomes the basic equation for nu- 
merical calculations of leakage factors 
after introducing simple expressions for 
leakage permeances and mmf ratios. 


Simplified Leakage Permeances 
The following formulas have been found 
satisfactory for leakage permeances be- 
tween soft steel parts: 


Pe =197-xX0,x where U is 


a 
HA SR dedi 6) 
cross-section perimeter; 

Py=14xXb xX ¥+.2 (7) 
where U,/c is greater than .25 and less 
than 4. The total length of part b is used. 


Since permanent magnets have a neutral 
zone which does not contribute to leak- 
age, the value of 2/3 of the magnet’s 
total length is used when computing leak- 
age permeances—this is the effective 
length a’ and b’ to compute P’; thus the 
two equations above become: 

.67a 


Ud ly 


(6a) 


1.4 X 67 y— = .67 P,. 

(7a) 
When part c consists of a permanent mag- 
net (Type III) its permeance can be cal- 
culated as: 


(8) 


The permeance of the air gap itself is 
P,=A,/L,. (9) 


Simplified MMF Ratios 
Simplifying the mm/f ratios is done by neg- 
lecting the reluctance in soft steel parts; 
so 

mmf, = mmf, = mmf, or K, = K, = 1 
(mmf, = 0 so K, = 0). (10) 
Since the mmf along permanent magnet 
parts is not constant, integral values 
(mmf) are used. Experiments showed that 
2/3 of the mmf, was the effective mmf for 
leakage flux between permanent magnet 
parts; thus 


mmfa = mmf, = mmf, = 
or 


2/3 mmf, 


K, = K, = K, = 2/8. (11) 


Basic Formulas 


By inserting the permeances for soft steel 
into equation (5), the general formula 
becomes: 


i. ih . 
e=1+ 3! (Kx 1.7 U, 


a 
+L, 
25 + K. X .5 U, 
(12) 
This formula contains only constants and 
dimensions; and by the two following rules 
this can be modified into the three basic 
equations for the Type I, Type II, and 
Type III circuits. 
Rules: (1) For leakage flux paths between 
soft steel parts, use total lengths and con- 
stant K of 1. (2) For leakage flux paths 
between permanent magnet parts, use 
2/3 of lengths and X of .67. 
The following provide the leakage factors 
for the three types of circuits: 


+ Ky 


x 1.4 by + 


Type I: 
L, ™ 67a 
1 a” * xX .67 X 1.7 U, “la +L, 
Type Il: 
a (1.7 u.—* 
‘ ‘ 


stk 


- Perr 
x aT xX 1.46 y¥— + 25) 
Type sat 


a, (1 *a T TE 
+1.4b4 cs + 25 + .67 X .5 U.) 


For variations on these basic formulas, 
write today for the April-June issue of 
Applied Magnetics which also shows ex- 
amples of the formulas in use. 


NEW DESIGN MANUAL READY 


Write today for your 
copy of the newest edition 
of the Indiana Permanent 
Magnet Design Manual 
No. 6. Write to Dpt. P-12. 





OF PERMANENT MAGNETS 








THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA & 


THE WORLD’S LARGEST MANUFACTURER 


INDIANA 
PERMANENT 
MAGNETS 


mmf, In Canada ... The Indiana Steel Products Company of Canada Limited, Kitchener, Ontorio 
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Engineering Data: 


Servo Motor 28 volts D. C. split field type, 6000 RPM no load, 
40 oz. in. locked rotor torque. 


Tachometer Generator Induction type, excitation 26 volts, 400 
cycles, output 0.33 volts/1000 RPM, adjustment for null voltage. 
Dimensions Approximately 2.5” diameter x 6” long 


Rotor Inertia 0.7 0z. in.” 


* This Servo Motor Tachometer Generator for operating 
control surfaces in latest automatic pilots illustrates 
Wright’s exceptional capacity for production of special 
small precision components and assemblies. 


Consult Wright on your next requirements for . 


A. C. and D. C. Motor 
Servo Tach Units 
Synchros In All Categories 
Gyro Motors 
Tachometer Generators 
And Related Components and Assemblies 


MOTOR DIVISION 


WRIGHT 23000" 


DIVISION OF SPERRY RAND CORPORATION 
DURHAM, NORTH CAROLINA ~ 
wiry 
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and (2) the direct digital readout re- 
quires no interpolation and, in most 
ranges, no application of correction 
factors. System accuracy is within 0.1 
percent of the reading or 0.1 percent 
of the lowest range, whichever is 
greater. The instrument needs no bat- 
teries or standardization circuit, and 
provides for range suppression to in- 
crease resolution and accuracy.—Gil- 
more Industries, Inc., Cleveland, Ohio. 


Circle No. 9 on reply card 


MEASUREMENT & 
DATA TRANSMISSION 


LEVEL DETECTOR 


Designed for accurate high-low level 
detection and very narrow range pro- 
portional control, this small but 
rugged device features a positive-act- 
ing electrical output signal that varies 
with the immersion depth of the 120- 
cps vibrating paddle. Designated the 
Model CL-10 Dynatrol, it transmits 
vibrational energy from the driving 
end to the paddle and back again to 
the output signal end. Vibrations fol- 
low a linkage path through welded 
metal pressure seals that constitute 
node points. Unit is rated for 3,000 
psig, operates on 115 vac, and is 
housed in a corrosion-resistant, explo- 
sion-proof case.—Automation  Prod- 
ucts, Inc., Houston, Tex. 
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BETTER STRAIN GAGES 


Two new foil-type rosette strain gages 
are § percent more sensitive than any 
previous rosette. Immediately avail 
able in any quantities, these gages 
need no lateral corrections in most 
applications and will withstand tem 
peratures to 300 deg F continuously. 
‘l'wo sizes of Bakelite bonded rosettes, 
types FABR-2 and FABR-4, have gage 
lengths of 4 in. and 4 in., respectively. 
In addition to the two rosettes, two 





\ 
ay TRANSISTORIZED ELECTRONIC CONTROLLERS 
Interchangeable for complete versatility 


Series C110 
Recording 
Controller 


The new ‘American-Microsen’ Series C100 Elec- 
tronic Controllers can be interchanged at the 
panelboard in seconds. A recording controller to 
an indicating type . . . a proportional-action con- 
troller to proportional-plus-reset ... slow reset to 
fast reset — any of these replacements is quickly 
made by pulling one unit out and plugging in 
the other. 


The controller settings of the ‘American-Microsen’ 
System are all calibrated and repeatable. When a 
controller station is replaced, the proportional, 
reset and rate settings can be made in advance 
so the process is on control the instant the change- 
over is completed. No playing around to tune in 
the control. 


When the process is on manual control during a 
replacement operation, the controller station stays 
in balance with the actual valve position. Thus 
the process can be changed back to automatic con- 
trol without “bumping” or upset. A unique feature 
of the ‘American-Microsen’ System eliminates any 
“balance” or “seal” position between manual and 
automatic. 


These are but a few of the many functional advan- 
tages of the new ‘American-Microsen’ Electronic 
Control System. Join the many satisfied users of 
this new approach to process control. Make certain 
you have the better control and simplified serv- 
icing so essential to higher product quality and 
greater operating economy. Arrange for a meeting 
with one of our sales engineers to determine the 
best equipment for your service. Write for Bul- 
letin RC100. 


. 


MANNING, MAXWELL & MOORE, INC. 


( MAXWELL) 


Series C120 
Circular Scale 
Indicating 
Controller 








Controller Performs These Functions 


Measures input signal from transmitter and records 
or indicates in terms of the measured variable — 
pressure, temperature, flow, etc. (The Series C110 
records on a 3-inch wide strip chart, the Series C120 
indicates on a 4-inch diameter scale.) 

Provides means of setting the desired value of the 
measured variable (set point) and compares actual 
value with desired value. 

Transmits control signal, incorporating proportional, 
reset, and/or rate actions to operate final contrel 
element. 

Provides means to opérate control element manu- 
ally with simple switch and manual knob. 


Ulitra-Modern Features Provided 


All functions of recording (or indication), control- 
ling (proportional, reset, and/or rate), and manual 
valve operation in a single housing. 

Transistorized controller station for ultimate reli- 
ability and long service life. 

Printed circuitry and miniaturized components for 
space-saving simplicity. 

Plug-in units for complete interchangeability and 
ease of maintenance. 

Ratio, cascade, and other similar control arrange- 
ments, using standard instruments 

Direct bumpless transfer from manual to automatic 
control with no intermediate position 

DC signals of 1.0 to 5.0 milliamperes for instanta- 
neous distance transmission up to 30 miles. 
Controllers are compatible with any unit of other 


manufacture using the standard 1 to 5 milliampere 
DC signal. 








INDUSTRIAL CONTROLS DIVISION - STRATFORD, CONNECTICUT 
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RVF ROTARY SWITCH 


new new single-element foil gages are 
also being offered. One is a paper 
and-cement combination; the other, 
Bakelite and glass fiber. Another ad- 
vantage of the new thinner gages is 
their ability to conform to sharply 
curved surfaces without pre-forming. 

Baldwin-Lima-Hamilton  Corp., 
Philadelphia, Pa. 


wholly 
NORTH 


manufactured 
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AIRBORNE TELEMETERING 


Pictured here is one of the new super- 
sensitive ASCOP “D” Series Low 


Rotor easily removable for cleaning or maintenance 
Bank easily accessible for cleaning 


Completely dust enclosed 
Built-in spark suppression on self-driving contacts 
Built-in shock mounting 


The RVF Rotary Switch is available up to a maximum of 6 
levels, 30 points, with single wiper With double wipers, pro- 
vides 12 levels with 15 points. : 

Bank contact ratings: 1 amp. at rest; .2 amp. resistive when 
stepping. Off normal contact ratings .4 amp. resistive. 

Switch may be driven self-stepping or externally. 


Mounting dimensions: 1.968” x 3.661” 0.C. 
Overall height: 434”; height above mounting, 3¥2” (max 


Level Multicoders for flight instru- 
mentation in the 0-15-mv and 0-30 
mv ranges. Capable of discerning sig- 
nal magnitudes as low as 75 micro 
volts, they can operate directly from 
low level pressure pickups, _ strain 
gages, thermocouples, and other trans- 
ducers to multiplex and code up to 
86 low-level sources. Models are 
available for composite pulse rates of 
900 pps, and, for applications where 


— ets eeci> e teas tam lat tam Us em tee aes eet aan enn thes ts te in te Si ei tn i a da tite ee ee 


economy in bandwidth or tape con- 
sumption are indicated, for rates of 
112.5 pps.—Applied Science Corp. of 
“ Princeton, Princeton, N. J. 


dimensions for 6 level switch) 
Weight: 1.32 Ibs. 


\ 
‘ 
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Circle No. 42 on reply card 
Since the introduction of the L. M. Ericsson RVF Rotary 
Switch by Norch Electric Company, it has gained nation- 


wide acceptance as the outstanding Rotary Switch available. FLOW COLORIMETER 


Packaged in both conventional and 
explosion-proof housings, a new ratio 
recording flow colorimeter accurately 
measures wavelengths of color ranging 
from 350 to 1,000 millimicrons in the 
presence of turbidity or entrained gas. 
his is made possible through the use 
This represents another most significant step in North’s pro- of a specially designed light-beam 
gram to provide a single source facility for all types of splitter based on the principle of a 


inibestsiéd euitabiing competente. single yeam instrument. Available in 
a variety of conventional colorimeter 


path lengths, the new unit is designed 
for color control of kerosenes, waxes, 
and lube oils.—Beckman Instruments, 
Inc., Fullerton, Calif. 


The constantly increasing domestic demand for the RVF 
Rotary Switch will now be met by North Electric’s virtually 
unlimited production facilities, where the switch is being 
wholly manufactured, not only in all the standard types to 
which the industry is accustomed, but also in variations 
specifically designed to meet your application needs. 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


7412 SOUTH MARKET STREET * GALION, OHIO 
Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P Q. Circle No. 13 on reply card 


CONTROL ENGINEERING 





Automatic 
high-speed 
frequency analysis 
of taped data... 
permanently 
charted 
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From tape-recorded data—to permanent chart 
- a complete Fourier analysis in minimum 

time with maximum accuracy ... with a Davies 

Laboratories Automatic Wave Analyzer. 


Do you have magnetic tape recorded data from vibration, 
noise, shock or flutter analysis of vehicles, aircraft, missiles or 
ships? ... or seismic recordings, powerline disturbances, or other 
phenomena characterized by fluctuating data? Feed this tape 
recorded information to a Davies Automatic Wave Analyzer, 
flip the switch, and a complete Fourier series is automatically 
plotted and printed in permanent record form. 


Davies Automatic Wave Analyzers can accurately plot these 
data as either amplitude-versus-frequency or power-versus- 
frequency. Davies Analyzers are also equipped with a “quick- 
look’’ facility. Series 9020 provides a quick analysis across its 
frequency range of 3 to 2,000 cps in only 15 minutes. Series 
9050 will span 3 to 10,000 cps in just 15 minutes. Linear 
or square law output, as desired, is recorded by a Brown 
ElectroniK Potentiometer. 


Multi-channel inputs permit analysis of as many as six 
channels simultaneously. By adding the Davies Input Switch- 
ing Panel, a serial analysis of up to 14 channels can be 
made. 


The Davies Automatic Wave Analyzer can process data in as 
little as 3% of the time required by digital methods, thus per- 
mitting the analysis of large samples, resulting in statistically 
reliable information. 


Complete technical information and application data for the 
Davies Automatic Wave Analyzer can be had by requesting a 
copy of new Bulletin 9100—write to Minneapolis-Honeywell 
Regulator Co., Davies Laboratories Division, 10721 Hanna 
Street, Beltsville, Maryland. 


Honeywell 


DAVIES LABORATORIES DIVISION 


DECEMBER 1957 





y, 
17, 


fd 





Design an hermetically sealed 400 cps output transformer for use in a 
servo amplifier with a high degree of feedback (Mu-8=100). Frequency 
response to be linear within 3 db from 200 cps to 170,000 cps, with no 
dips or peaks. Primary impedance to be 6000 ohms, center-tapped, 

with a maximum DC resistance of 60 ohms. Primary OCL to be 4 henrys 
minimum when measured at 30V, 400 cps, and with 7.5 ma of DC 
flowing through the total winding. Secondary impedance to be 500 ohms, 
center-tapped, with a maximum DC resistance of 6 ohms. Secondary 
rated output to be 140V @ 400 cps into a 500 ohm load. Transformer 
efficiency to be 95% minimum. Ambient temperature range to be from 
—55°C to +105°C. Maximum altitude to be 70,000 feet. Casing to be in 
accordance with the applicable requirements of MIL-T-27, with preferred 
dimension limits to be 2-1/2” x 2-3/4” x 2-3 /16” 


SOLUTION BY PEERLESS 


Output Transformer: 400 cps, high level, hermetically sealed. 
Construction: Grade 1, Class B, MIL-T-27. 

Maximum Altitude: 70,000 feet. 

Duty Cycle: Continuous. 

Life: Greater than 10,000 hours. 

Ambient Temperature 55°C to + 105°C. 


Primary: Three terminal, center-tapped winding, 6000 ohms nominal 
impedance. 


Primary Resistance: 45 ohms. 


Primary OCL: 5 henrys, measured at 30V, 400 cps, with a 7.5 ma, DC, 
through winding. 


Secondary: Three terminal, center-tapped winding, 500 ohms nominai 
impedance. 


Secondary Resistance: 5 ohms. 

Rated Operating Level: 140V, 400 cps across 500 ohm secondary load. 

Efficiency: 96%. 

Frequency Response: 200 cps—300,000 cps, flat within 1.0 db, and 
200 cps—550,000 cps, flat within 3.0 db. 
Smooth response, no discontinuities. 

Dimensions: 2-1/2” x 2-3/4” x 2-3/16" high +5/8” terminals. 


Experienced engineers throughout the country have shown a marked 
preference for Peerless products. They know the Peerless engineering 


staff is uniquely qualified to solve any transformer problem quickly and 
efficiently. Matchless experience is the result of a long history of 
successfully designing transformers to unusual and difficult 
specifications. Such experience combined with rigid quality controls and 
the most advanced production techniques achieves uniform qualit 


ly 


and dependability in all Peerless products. 


Consult Peerless for the best solution to your quality transformer requirements. 


PEERLESS 


Electrical Products 
9356 Santa Monica Bivd., Beverly Hills, Calif. / 161 Sixth Ave., New York 13, N.Y. 
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NEW PRODUCTS 


COMPLETELY COMPENSATED 


Model PT45, a new pressure pickup, 
incorporates compensation for sensi- 
tivity, zero balance, zero drift due to 
temperature, sensitivity change due to 
temperature, input impedance, and 
output impedance. Specifications 
limit the maximum deviation due to 
nonlinearity to 0.5 percent full scale, 
the maximum hysteresis to 0.25 per- 
cent, and the repeatability to 0.1 per- 
cent. The unit will operate at tem- 
peratures of minus 65 to plus 300 deg 
I’ with a maximum temperature drift 
of 0.005 percent per deg F and tem- 
perature effect on sensitivity of 0.005 
percent per deg F. Full-scale output 
is 4.0 mv per volt of excitation. Zero- 
pressure output is within plus or 
minus 1 percent.—Dynamic Instru 
ment Co., Cambridge, Mass 


Circle No. 14 on reply card 


IMPROVED PHOTOMETER 

[his new flame photometer for 
sodium, potassium, and lithium em- 
bodies a number of improvements 
over earlier models. Thermal drift and 
repeatability are said to be greatly im 
proved by virtue of a new patented 
water-jacketed burner that eliminates 
IR heating of the photocells. Maker 
also claims a sensitivity increase of 
1,000 times for the photocells, and 
says they are impervious to water 
vapor or mercury. Lenses, galvano- 
meters, and amplifiers are thus elimin- 
ated, and the new model is contained 
in a box measuring 8 by 7 by 74 in. 
It operates on city gas and compressed 
air, and is said to be the least expen- 
sive on the market.—Advanced Instru 
ments, Inc., Needham, Mass. 


Circle No. 15 on reply card 
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Sixty Volt Power Transistor 


Type 2N296 ooo 


Sylvania develops a high voltage power transistor 
with optimum performance factors for a wide range 
of circuit applications. 


* ) 
Now Sylvania offers type 2N296, a PNP germanium alloy Input and Gain Characteristics 
transistor designed for high voltage power amplifier or for Type 2N296 
switching applications where supply voltages are 25-30 
volts. The new unit is already finding growing use in 
computer, telephone and aircraft circuits. 





The new 2N296 is physically identical with Sylvania 
type 2N242 and can be used as its high voltage companion. 








Here are the general features of the new 2N296 





e 25 Watts. Max. Dissipation e 85° C Storage Temperature Transistorized DC Converter 
(Mounting base maintained © 100° C Junction with Type 2N296 
at ‘25° C) Temperature (Operating) 

¢ 2 Amps Collector Current ¢ Temperature Gradient (from 

* 60 Volts Max. Collector Voltage junction to mounting Call or write your Sylvania 

¢ 0.8 Saturation Voltage base) 3° C/Watt representative for complete 


(Typical) * New Welded Hermetic . 
¢ 20 Minimum Current Gain Seal Construction F iculars on the — 2N296 
60-volt power transistor. 


Sy._vania E.Lectric Propucts Inc. 
1740 Broadway, New York 19, N.Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal 
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Advanced Filtration 


MAGNETIC 
FILTERS 


FINE FILTRATION 
5 microns 


HIGH TENSILE STRENGTH 
15,000 p.s.i. 

HIGH HEAT RESISTANCE 

900° F. 

NO PARTICLE DISCHARGE 


STAINLESS 
STEEL CONSTRUCTION 


LINE TYPE MAGNETIC CONSTRUCTION 
MAGNETIC FILTER HOUSING 1 micron retention 
AND TYPICAL CARTRIDGE 


All the advanced filtration characteristics to meet the specifica- 
tions you aré looking for, with Micronic-Mechanical Filtration 
as fine as 5 microns and Micronic-Magnetic Filtration removing 
sub-micronic ferrous particles. 


Available in either Line or In-Line type filters with various flow 
rates to meet your specifications. 


WRITE NOW FOR FULLY DESCRIPTIVE LITERATURE ... Free 
Poro-Klean Bulletins will be sent to you by return mail. 


A COMPLETE APPLICATION ENGINEERING SERVICE 
The Cuno Field Engineer in your area can help you 
select the right filter to solve your hydraulic filtra- 
tion problems. 


CUNO ENGINEERING CORPORATION 
27012 SOUTH VINE STREET, MERIDEN, CONN. 
TELEPHONE: BEverly 7-5541 
EDGE-TYPE, WjRE-WOUND, SCREEN, FIBER CARTRIDGE 
and POROUS METAL 
FILTERS 
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| NEW PRODUCTS 


LONG-LIFE CONVERTER 


The new Phototron Model P analog 
to digital converter, featuring a design 
life of five years at recommended 
power, is said to be applicable to any 
type of coding. Rate may be taken 
simultaneously with quantity, and a 
sampling rate of up to 85,000 counts 
per sec is possible—Jones & Wet- 
tlaufer Engineering Corp., Los 
Angeles, Calif. 
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INFORMATION 
DISPLAY 
INSTRUMENTS 


OPERATIONS RECORDER 


Developed for electrical power gen- 
erating stations, the millisecond Op- 
erations Recorder (called the MOR 
System) automatically records all 
equipment operations sequentially on 
a printed digital tape, which is later 
used in evaluating normal operations 
and analyzing upset conditions. Com- 
pletely transistorized, the unit is de- 








TECHNIQUES ond DEVELOPMENTS» 


in oscillographic recording 


CIRCUIT DESIGN AND TYPICAL USES 
OF THE “150” CARRIER PREAMPLIFIER 


One of the most frequently used plug-in front ends for 
Sanborn 150 Series oscillographic recording systems is the 
Model 150-1100 Carrier Preamplifier, since with it a “150” 
system can record such force, temperature, 
strain, pressure, displacement, velocity, flow, acceleration 

or any variable which can be 
expressed as a suitable input 
signal by a transducer. The “1100 
Carrier” will operate with a 
variety of different transducers 
and bridge circuits, which will be 
mentioned later on. 

In the block diagram (Fig. 1), 


variables as 





apush-pulloscillator 
AN, provides an excitation 


voltage of about 5 v 
to the transducer at a 


L standard frequency of 
= t - 2,400 cycles or optional 
ameeen 


frequencies of 600 and 
1,200 cycles, using 

plug-in components. 

This excitation voltage also feeds the Balancing, Calibration 
and Zero Suppression circuits. (The Balancing controls allow 
correction of resistive and reactive signal leakage from the 


> 
RES Ba 
a 
ZERO suPP 








Helpful information about the use of transducers with the 150-1100 Preamplifier is contained ir 
Sanborn RIGHT ANGLE articles (reprints on request 
Nov. 1956; Filter Networks for use with Force Dynomometers, Nox 


FROM 


SANBORN 


transducer, so that at zero load the net signal to the Pre- 
amplifier is zero. The Zero Suppression 
buckiag out a large static load so that a small part of 
load can be expanded over the full recording chart 


feature permits 
the 
1 he 
Gage Factor control allows the zero suppression range to be 
made equivalent to some convenient transducer load, or the 
full load rating of the transducer, and also causes the cali- 
bration signal to represent 2° of that load 
is fed to the transformer through the 


lransducer 
output Factor 
potentiometer, across which the Balancing-Calibration-Zero 


Gage 


Suppression circuits develop a voltage effectively in series 
with the transducer output. The mixer receives a suppressed 
carrier AM signal and re-inserts a 
make its output a conventional AM signal whose modulation 
represents the rhe 
(whose amplitude and polarity represent 


direction of transducer output) is recovered by the demodu- 


carrier component, to 


signal 
and 


transducer load. modulation 


magnitude 


lator and fed to the output amplifier, which in turn excites 
the Driver Amplifier 
“150” system 


and recording galvanometer of a 


be used arrier Pre- 


full-bridges, 


Transducers which with the ¢ 
amplifier include strain gage half-bridges or 
commercial reactance bridges, differential 
transformers and resistance thermometer bridges. The 
ducer chosen should provide at least 18.0 microvolts per volt 
of excitation at the minimum load to be recorded, for a one 
cm. deflection; impedance should be 100 to 1000 ohms. With 
strain gages, normal operation provides sensitivities of 50, 
20 or 10 micro-inches per inch for each cm. on the recording, 
depending on the number of active gages. With 
thermometers, if 1°C. or 2°F. per cm. stylus deflection is 
sufficient sensitivity, the user can construct his own resist- 
ance thermometer by including a 3 ohm coil of copper wire 
in one arm of an equal arm 100 ohm bridge 


may 


resistance or 
trans- 


resistance 


the following 
Coupling Differential Transformers, Aug. and 
1956; Calibration with 1 or 4-arm 


Strain Gage Bridges, Aug. 1955; Theoretical and Actual Applications of Bridge Circuits, May and Aug. 1954 





Wing flutter recording to infrared research . . . 
with the versatile “1100 Carrier” 


Today, Carrier Preamp-equipped Sanborn “150” systems are being used for 
frequency response tests of process control system components; to record 


shaft deflections of fluid mixing equipment; in infrared research . . . 


vehicular 


traffic studies . . . submarine hull vibration measurements. Applications are 

limited only by the transducers available. 
These are applicetions of only one “150” front-end; eleven more inter- 
changeable, plug-in Preamplifiers increase the scope of Sanborn 
oscillographic recording systems to meet an almost infinite variety of 
research, production ond field testing requirements. All Sanborn “150” 
direct writing systems record inkless traces in true rectangular coordi- 
nates; all provide 1% linearity; Basic Assemblies — equipped with your 
choice of Preamps — are available from one- to eight-channels, 
packaged in vertical cabinets, portable cases, or specially modi- 


fied housings. 


Technical data ond help with your 
oscillographic recording problem are 


INDUSTRIAL DiVISiION 





lable from Sanb 
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175 Wyman St., Waltham 54, Mass. 
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The “CIRCUIT BREAKER” 
of Pressured Systems 





























ded GSI. a “4 
tHGUM GR p> made of metal 


You don’t swallow this “tranquilizer”... 

but it can bring you priceless peace of mind! 
It’s the rupture disc in a BS&B Safety Head— 
one of thousands upon thousands that protect 
personnel and equipment against dangerous 
pressure build-ups in vessels and lines 


containing air, gases or liquids. 


When pressures rise above predetermined 

safe limits, this disc ruptures to provide 
instantaneous, unrestricted relief. BS&B 
designs discs to rupture at any specified 
pressure from 3 to 100,000 pounds per 
square inch. They are supplied in sizes ranging 


from 


34-inch to 36 inches diameter, and in 


special sizes to virtually any specification. 


Thousands of BS&B Safety Heads have been 
in use for the past 26 years in virtually 
every type of industry where pressure 
protection is a problem. If your respon- 
sibility includes the safe operation of 
pressured systems in your plant, why 
not let us tell you more about BS&B 
Safety Heads? 


BLACK, 


SIVALLS S&S 


" iW 


2 Ss 
” r 
= EXAMPLE of proouct weave 


ERYSON, INC. 


manufacturers of diaphragm valves, 


controllers, regulators, safety heads. 


Dept. 2-ES12 
7500 East 12th St. 
Kansas City 26, Mo. 
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NEW PRODUCTS 


signed for long periods of trouble-free 
operation, as well as low initial cost. 
Fischer & Porter Co., Hatboro, Pa. 


Circle No. 417 on reply card 


HIGH SENSITIVITY 

Here is a self-contained mirror gal- 
vanometer that is as sensitive as 2,000 
millimeters per microamperes. Made 
in England, and called the Galvoscale, 
it features a brightly lit, built-in scale, 
fully legible unde room 
illumination. Though it occupies only 
12 by 21 in. of table space, its scale 
length is equivalent to an optical lever 
nearly ft long. Both linear and 
logarithmic scales are available—Hilget 
& Watts, Ltd., c/o Jarrell-Ash Co., 
Newtonville, Mass 
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normal 


NEW OPTICAL COMPARATOR 


Originaly developed for Schlumberget 
Well Surveying Corp. for comparing 
dipmeter curves from oil-well surveys, 
this new optical comparator can check 
graphical data on electronic circuits in 
programmed machines, and perform 
other comparisons, both quantitative 
and qualitative. In operation, two ob 
jects are inserted into the device. 
Their images, one green and one pink, 
are transmitted to the viewing area 
by an optical system. A simple ad- 
justment superimposes the images. 














































































































SPECIFY LuINDE Sapphire 


TRADE-MARK 


LINDE Sapphire is... LINDE Sapphire has... LINDE Sapphire is 
Hard — Moh 9 Strength at elevated temperatures available as... 
Transparent, single crystal, pure High melting point —2040° C, Windows 
aluminum oxide Excellent IR transmission Domes 
Nonporous—0% porosity at high temperatures Rods and tubes 
Easily sealed to metals and ceramics (above 500° C.) Special shapes —to order 
Priced competitively with 
sintered materials 


inde 


For more information about LinpE Sapphire . . . Write “Crystals 
Dpt. CF-12.” Linpe Company, Division of Union Carbide Corpora- 
tion, 30 East 42nd St., New York 17, N. Y. In Canada: Linde Com- 

pany, Division of Union Carbide Canada Limited 





uU Ww ! ON , ENGINEERS AND SCIENTISTS interested in work- 
ing in Synthetic Crystal Sales & Development, contact 


Mr. A. K. Se , Linde C , 30 E. 42nd St., 
fed N51 =}) e) = uae ; 














The terms “Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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FOR MISSILE AND AIRCRAFT SERVO APPLICATIONS 


TRANSI-MAG 


3.5-6-10-16 WATT 


SERVO 
AUMUPLIFIER 


Completely self-contained, this 
“minimum space” unit requires 
no external power supply, de- 
modulator or preamplifier. High 
performance servo loop is ob- 
tained without added amplifying 
elements and achieved by use of 
stabilized silicon transistor pre- 
amplifier with a high speed, fast 
response miniaturized magnetic 
amplifier output stage. Send for 
complete data, Bulletin 100-106. 


© Transistor-Magnetic 
® High Gain 
© 2 Cycle Response 
® Miniaturized 
¢ —55° to plus 100° C 


z 





MODEL NUMBER | TMA-40501-KX | TMA-40601-KX| TMA-41001-KX| TMA-41601-KX 





& 


MAXIMUM 


OUTPUT POWER = . 10 V6 
t+ TRANSFER 





3 


CHARACTERISTIC TYPICAL — |[BuOrd Mk. 14| BuOrd Mk. 7| BuOrd Mk. 8 


Keorfott R119 | Kearfott R110 | Keorfott R111 | Kearfott R112 











+ 





MOTOR LOAD 
Food 


REFERENCE 


o 








VW 4 
is 20 SUPPLY 5 volts, 400 cps, single phase 


+—ting—+ AC OUTPUT 
VOLTAGE (RMS 





SENSITIVITY 


See transfer characteristics 
RESPONSE 


0.0013 seconds 





AMBIENT 


TEMPERATURE 55°C te +100" C 

















WEIGHT— 02 


“ee ee Se 








MAGNETIC AMPLIFIERS INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 
West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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NEW PRODUCTS 


If they are identical, the operator will 
see a black and white image. If not, 
the image will remain pink or green. 

Perkin-Elmer Corp., Norwalk, Conn. 
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CONTACT CONTROL 


This Contact Making Control System 
consists of a reference standard panel 
indicating instrument and a thyratron 
relay control unit. Closing the meter 
contacts fires the thyratron, and ac- 
tuates a relay. The system will handle 
almost any quantity that yields to 
electrical measurement, such as cur 
rent, voltage, power, frequency, tem 
peratures, pressures, etc. Suitable con 
nections permit automatic or manual 
reset. Make-or-break accuracy of the 
contacts is within 0.25 percent. Re 
sponse time varies with the applica- 
tions; in most cases it is between a 
few millisec and 2 sec for full-scale 
deflection.—Sensitive Research Instru- 


ment Corp., New Rochelle, N. Y. 
Circle No. 20 on reply card 


CONTROL DEVICES 


NEEDS 25 MICROWATTS 


Packaged in a l-in.-sq by 2-in.-long 
hermetically sealed drawn-steel can, 
this new relay unit combines a sensi- 
tive magnetic amplifier and relay. The 
ultra-sensitive relay will operate posi 
tively on a 25-microwatt input signal, 
thus eliminating the need for pre- 





amplifiers. The signal required to oper- 








Range resistors are easily in- 
stalled in ElectroniK measuring 
circuits, for conversion to prac- 
tically any scale. 











the ZlectnoniK recorder 


or indicator is a 
thousand instruments in one 


An ElectroniK instrument adapts easily to your 
changing needs, never becomes obsolete. Its remark- 
able versatility is made possible by the many measur- 
ing circuits . . . many types of records or indications 
. .. Many pen or print wheel speeds . . . and the wide 
variety of functions that can be incorporated in 
the instrument. 


You can convert most ElectroniK instruments to 
practically any scale, simply by soldering appropriate 
kit-supplied range resistors into the measuring cir- 
cuits. And you have a choice of more than 575 
standard charts and scales in strip chart instruments 
(similar large choice in indicators and circular chart 
models). You can change chart speeds from one half 
to four times the basic speed, with a simple gear 
change. 


Use ElectroniK instruments to measure temperature, 


pressure, flow, pH, chemical concentration, voltage, 
speed—any variable that’s translatable into a d-c 
signal. 


Unitized construction lets you transfer complete con- 
trol units from one ElectroniK instrument to another. 
Cases are designed for both surface and flush panel- 
board mounting. With auxiliary switches, the instru- 
ment works in conjunction with audible or visual 
alarms and safety cutouts. 


Your nearby Honeywell sales engineer can help you 
gain the advantages of ElectroniK versatility in 
specific applications. Call him today. He’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus- 
trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


MINNEAPOLIS 


Honeywell 


5 Sree liane 


oP Sa dee eo 


acts 


Fists ww Controls 
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A NEW HIGH RESOLUTION 


vernistat 
COMPUTING TRANSFORMER 


The Vernistat Model 20C is a new type 
of variable ratio computing transformer 
that provides unusually high basic 
resolution and linearity. By means of a 
unique switching mechanism 800 dis- 
crete values of output are obtained. A 
resistive interpolating brush further 
subdivides these voltages to provide 
almost infinite resolution. The Model 
20C’s high linearity results from the 
accurate placement of secondary turns 
on the transformer. Linearity is main- 
tained under full load by the trans- 
former’s low output impedance. 

A shaft rotation of 3,600 degrees 
covers the full range of output voltage. 
The transformer provides several watts 
of output power which eliminates 
power amplifiers in many applications. 
This output is isolated from the pri- 
mary allowing for the summation of 
several transformer voltages. Output 
is with respect to the center tap and 
provides for phase inversion. Phase 
shift is kept at a minimum. 
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Typical applications of the trans- 
former are the direct supply of power 
to torque motors for gyro erection, 
operation of servo motors, and in ana- 
log computers where the products of 
voltages and shaft angles are required. 


Diameter 2.0” 

Length 25° 

Shaft rotation 3,600 degrees 

Linearity, unloaded +0.1% 

Linearity, with 1,000-ohm 
load connected 

Rated output 

Basic resolution 0.13% 

Input voltage 115 volts at 400 cps 

Output voltage, isolated +80 volts at 400 cps 

Quadrature 5 mV per unit of input 


vernistat 


division 
PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 


+0.35% 
80 ma 


NEW PRODUCTS 


ate the relay is actually the input signal 
to the magnetic amplifier. One excep- 
tional feature is the absence of con- 
tact chatter as pickup and drop-out 
are approached. This allows the unit 
to operate at full sensitivity in a 40-g 
shock, 20-g vibration environment with 
high reliability. The relay can accept 
unfiltered de signals directly from a 
thermocouple, resistance bridge, photo- 
cell, synchro, or even the detector of a 
radio receiver. Excitation required for 
the unit is 26 volts at 400 cps, 
with other voltages and frequencies 
available.—Torwico Inc., 


Union, N. J. 
Circle No. 24 on rep'y card 
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RATIOMETER 


A few of the outstanding features of 
this new Unity Ratiometer include: 
fast, accurate readout; continuous bal- 
ance, automatic polarity indicator, and 
self-contained design. The device has 
unlimited application with de analog 
computers and is casy to operate. 
Servonics, Inc., Alexandria, Va. 
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TROMAX 
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TWO-POSITION CONTROL 

The instrument shown here provides 
low-cost electronic control for many 
processes where a record or continu 
ous indication is not required. Small 
and compact, it is suitable for use on 
many electric and fuel-fired furnaces, 





Specify & COILED CORDS 


...add important convenience 
and safety features to 
your equipment! 


Cords Limited COILED CORDS are 
engineered for specific application! 


Coiled Cords, first choice in the communications industry, find numerous 
important applications in other fields! In addition to user convenience, 
Cords Ltd. Coiled Cords provide a safety factor preventing costly industrial 
accidents. Maintenance-wise, Coiled Cords give much longer service than 


straight cords by eliminating common abuses that shorten serviceability. 


Product Data: A leader in the development of Coiled Cords, Cords 
Limited is a major supplier of this product to the telephone and communica- 
tion industries. Coiled Cords are engineered for specific applications. Special 
oil, acid and moisture resistant properties of the jackets protect the product 
under unusual conditions. The most modern molding facilities for plug and 
conductor termination are available at Cords Limited to serve your needs 


quickly and economically! 


WRITE TODAY for complete details... your quotation 





requests will receive immediate attention! 


"EE 


other outstanding 


*ESSEX ENGINEERED 
production proven products 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


WIRE AND CABLE 


A full “Extra Test®” line of lead, appliance, 

automotive and refrigeration wires, plus sub- 

mersible pump cable and 200° C. Sil-x® 

insulations are examples of the versatility of 
“Essex Engineering”. 

Wire and Cable Division 

Fort Wayne, Indiona 


The CORDINATOR", a time-saving engi- 
neering tool, features simplified charts show- 
ing approved wire by product types. Dial 
side permits visual fabrication of cord sets 
and power supply cords. All components 
standard approved ... minimizing cost... 
assuring scheduled delivery. Write for your 
free CORDINATOR. 
Cords Limited Division 
DeKalb, Illinois 





(@}- 


CORDS LIMITED DIVISION 


ESSEX WIRE CORPORATION 
DeKalb, Illinois 





MESSEX 


WIRE CORPORATION 
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NOW- 


with the 


ACRO 


SUBMINIATURE 
SWITCH ac 


CIRCUIT ARRANGEMENTS 


sel 
arr 


Your Choice a= 


of 5 New 
Actuators 


With its small size, high capacity, and newly- 
designed actuators, the Acro Subminiature 
Switch meets an exceptionally wide range of 
design requirements . . . provides many new 
development possibilities for subminiature 
assemblies. 

The electrical rating of this precision Acro 
Snap-Action Switch—10 amperes at 125 or 
250 volts A.C. or 28 volts D.C.—is over four 
times that of most switches this size. It will 
operate within a temperature range of from 
+350° to —80°F., and its terminal arrange- 
ment permits wiring double circuits. 

Switching mechanism is enclosed in a du- 
rable plastic case which can also be adapted 
to various types of present actuators and 
mountings not shown. 


~ 


pieleic) & 


Write for literature, engineering data! 


Robertshaw Fulton 


” CONTROLS COMPANY 
me. CONTROLS 


ACRO DIVISION 


Columbus 16, Ohio 


in Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 
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NEW PRODUCTS 


ovens, chemical processing units, and 
plastic extruding machines. Other 
uses include zone control on continu- 
ous ovens and kilns, and excess tem 
perature cut-out control. Leeds & 
Northrup Co., Philadelphia, Pa. 
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WIDE TEMP RANGE 


This new switch is said to provide 
precision tolerances in an ambient 
temperature range of minus 100 to 
plus 900 deg F. The ceramic case 
contains a standard SPDT switch for 
two-circuit electrical control. Probable 
mechanical life of the unit is 750,000 
operating cycles. Staggered screw tet 
minals facilitate wiring.—Electro Snap 
Switch & Mfg. Co., Chicago, III. 
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PROGRAM TIMER 


A new electronic program timer that 
independently controls the sequence 
and timing of several related opera 
tions of a machine or process has 
just been announced. Called the 
Model PT-157, it permits rapid and 
accurate change of the time settings 
controlling each operation and elimi 
nates complicated ind time consum 
ing cam adjustments. The unit as 
shown controls the on-and-off se 
quence of six different operations. 
More operations may be controlled by 
adding one switching comparator fot 
each additional on-and-off operation. 
Complete versatility as well as ease 
of maintenance is provided through 
the unitized plug-in construction of 








New E-I Plant 
Speeds Production! 


_ 
—~ 
~ 


SS =S— 
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The Murray Hill facility is newly 
equipped throughout. Tighter 


quality controls, testing and 


in- 


spection plus vastly increased 
production mean better products, 


faster than ever before. 


*Canadian Pat. 523,390; Br 
Pat. 734,583; U. S. Patents P 
ing. All Rights Reserved. 
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Custom Designs Manufactured 
by Electrical Industries 


Here's 3-way service for designers 


Electrical Industries offers complete facilities for the sealing of 
components in a wide range of sizes from large to sub-miniature. 
E-I will design and produce your complete sealed assembly, or seal 
components of your manufacture. The wide experience of 

E-I engineers is available to work out special seal requirements. 
For standard applications, E-I offers hundreds of economical stock 
terminals including single lead, multiple headers, end seals and 
transistor closures. Ask for a recommendation on your seal 
requirements or request catalog on standard E-I sealed components. 


LECTRICAL INDUSTRIES 


MURRAY HILL, NEW JERSEY 


A Division of Philips Electronics, Inc. 
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the major component parts. Time 
cycles up to 5 min are available, ac- 
curate settings for each time control 
being made against a calibrated meter. 
—Electronic Processes Corp. of Cali- 
fornia, San Francisco, Calif. 


Circle No. 25 on reply card 


Sees Tee te aM 
> ~ 
BALLANTINE LABORA TORIES (NC 


METER * Rtser 


ABIUZE FOR OVERLOAD 
STABILIZE FOR nt MEAS *:05- P68“ Mi Danie ea ial + a . Wy . 
STABILIZE FOR BO Comer NAT MEAB > 10 CPS ~40 camp | TEMPERATURE CONTROLLER 


Orr 
» ; The new Ectrotherm Model T-157 


uses a_ resistance-type sensing unit 
that permits precise control of indus- 
oo RS Se trial-process temperatures. ‘Tempera- 

tures are correctly maintained by 


x e “ 
gi es md measuring the medium being heated 
eee and modulating the power to the 


VOLTS FULL StCaur 





heater so that the average power in- 
5 

put is equal to the heat loss. ‘The 

Ectrotherm is cycled “off and on” 


PRICE: $290 





a= ; in response to the slightest tempera- 

ero \ a 

@ _ ture changes, sensitivity being re- 
sponsible for immediate and accurate 


SPECIFICATIONS | heat control. The problem of over- 


shooting the required temperature dur- 
ing initial warmup is nominal. As the 
temperature rises, the proportioning 
action of the unit will continually re- 


FREQUENCY RANGE 0.05 cps to 30KC 
down to 0.01 cps with corrections 


VOLTAGE RANGE 0.02 to 200V peak to peak lowest reading cor- 
responds to 7.07mv rms of a sine wave duce power input to the heater until 
ACCURACY 3% throughout ranges and for any point on meter scale the set temperature is reached. The 
IMPEDANCE 10 megohm by any average capacitance of 30 wwf power input will then equal the heat 
OPERATION Unaffected by line variation 100 to 130V, 60 cycle, 45 watt loss and no OV erheating will have 
resulted.—Electronic Processes Corp 
| of California, San Francisco, Calif. 
FEATURES Circle No. 26 on reply card 
e Pointer “flutter” is almost unnoticeable down to 0.05cps, while at 
0.0leps the variation will be small compared to the sweep observed | 
when employing the tedious technique of measuring infrasonic waves 
with a de voltmeter. 
e A reset switch is available for discharging ‘“‘*memory” circuits in order 
to conduct a rapid series of measurements. 
e The reading stabilizes in little more than 1 period of the wave. 
e Meter has a single logarithmic voltage scale and a linear decibel scale. 
e Accessories are available for range extension up to 20,000 volts and 
down to 140 microvolts. 
For further information on this and other Ballantine instruments = 
write for our new catalog. CERAMIC RELAY 
Ree = Designed for use in missile and air- 
craft applications, this rugged relay 
features contacts mounted in a 


‘ 
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for combination navigation and automatic pilot systems in airliners © for inertial guidance systems in guided missiles © for inertial navigation systems in military aircraft 


see 


... volume producing 


Qyroscopes 


... setting the world’s highest standards of quality 


Several manufacturers today can and do build precision-made gyroscopes. Others may produce less precisely-made gyros in 
volume. But, AC is the only maker of gyroscopes to produce both highest quality and highest volume! These gyros are held to such 
close tolerances in manufacture that the finished product can instantly sense rotation so slight that it would take years to complete a 
full circle. Yet they are durable enough to withstand 5,000 to 7,000 hours of continuous operation without appreciable loss of sen- 
sitivity. Sizes now available for immediate delivery include 75 x 10°; 10 x 106; 2 x 105; 1 x 104. 

Wanted: Graduate engineers with electrical, mechanical or electronic backgrounds. Contact Mr. Cecil Sundeen, Supervisor of 
Technical Employment, in care of AC... the Electronics Division of General Motors, Milwaukee, Wisconsin. 


Afterburner Fuel Controls * Bombing Navigational Computers * Emergency Fuel Controls * Gun-Bomb-Rocket Sights * Gyro-Accelerometers * Gyroscopes 
Inertial Guidance Systems * Manifold Air Pressure Regulators * Speed Sensitive Switches * Speed Sensors * Three-Way Selector Valves * Torquemeters 
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WHAT WILL 


“THE ENGINEER'S 


COMPUTER” 


DO FO 
YQU? 


Litton DiGiTaAL DIFFERENTIAL ANALYZERS are uniquely personal mathematical 
tools—which you use yourself at your own desk. The remarkable insight you 
obtain with these accurate, versatile instruments is an experience reported again 
and again by mathematicians and engineers. Insight into the problem stems partly 
from your own programming, partly from the continuous rapport you have with 
the problem as the Litton DDA solves. The Litton DDA plugs into any standard 
110-volt outlet. You need only a few hours of coaching from us to grasp the 


programming for— 


Solution of linear and non-linear differential equa- 
tions including those containing transcendental 
functions. 


Solution of algebraic and differential equations in 
complex variables, including conformal mapping. 
Simulation of non-linear dynamical systems. 
Generation of any standard algebraic, trigono 
metric, or inverse trigonometric function 


Generation of the special functions of mathe 
matical physics which can be expressed as solu- 
tions of differential equations. These include the 


Jacobi Elliptic Functions, Sturm-Liouville Equa- 
tion, Hypergeometric Function, and Legendre 
Functions. 
Performance of logical switching functions, such 
as introduction of step functions, ramp functions, 
limiting, and mode of operation switching. 
Multiplication and division of variables, etc., etc. 
CAPACITY: Model 20—20 Digital Integrators 
Model 40—-40 Digital Integrators 
ACCURACY: Up to 1 part in 2"* (to 5 decimals) 
COST: Model 20, $12,800 — Model 40, $16,800 


LITTON INDUSTRIES 


ELECTRONIC EQUIPMENTS DIVISION 
336 North Foothill Road + Beverly Hills, California 


LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER 


LITTON GRAPH PLOTTER LITTON GRAPH 


PLOTTER/FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVERTER 


cS:  - - - 


SEND 


Please send me, without obligation, specifications on the Litton 
20 & 40 DDA s, plus a tabulation of 55 demonstration equations. 





COUPON 


Company 





TODAY! 


Street 





City 


Zone Ge 
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NEW PRODUCTS 


vacuum surrounded by a. stacked 
ceramic enclosure. Maker claims the 
new unit will operate satisfactorily dur- 
ing 25-g vibrations, from 10 to 2,000 
cps, during 50-g shocks, and at am- 
bient temperatures of 200 deg C with- 
out contact chatter. Three contacts in 
parallel in each switching circuit pro- 
vide reliability and high current han- 
dling capacity, and eliminate contact 
bounce.—Jennings Radio Mfg. Corp., 
San Jose, Calif. 


Circle No. 27 on reply card 


WATTAGE CONTROL 

Designed for all types of electric heat- 
ing equipment, this infinite-input 
wattage control uses a unique heated 
bimetal for fast, clean contact action. 
The unit will pinpoint and maintain 
any selected input between 6 percent 
and 100 percent. The control bi- 
metal, in series with the controlled 
heating element, is compensated for 
line voltage variations and ambient 
temperature changes. Maximum volt- 
age is 250 vac in a current range of 
from 3.2 to 12.7 amp.—Proctor Elec- 
tric Co., Philadelphia, Pa. 


Circle No. 28 on reply card 


FLOW SWITCH 


A new indicating flow switch, Model 
234, features a rupture-proof bellows 
unit. The switch is available with dif- 
ferential pressure ranges from 0 to 20 
in. water column to 0 to 50 psi. Static 
pressure ratings range up to 6,000 
psi. Both aluminum and various 
types of steel housings are available. 
The switch can be furnished with low 
or high single setting or double set- 
tings, each separately adjustable and 








‘Tra ngitron 


ilicon 
Transistors / = 


Features... .--for high 


Low I co, typically under .02 pa temperature 


ope 
Operation to 175°C peration 


200 mw Power Rating 


Transitron’s NPN silicon transistors are de- 


f signed for a wide range of small signal ap- 
High Frequency Operation oar, ; yd 


plications in the power range up to 200 mw. 


a They will provide dependable operation up 
High Temperature Tested to 175°C in circuits such as RF and. IF 


Excellent Stability amplifiers, video and audio amplifiers, servo 


control, switching, and many others. 
Welded Hermetic Seal Manufactured by diffusion in the liquid phase 


during crystal growth, these transistors are 
essentially free of parameter drift and in- 
Maximum stability common in conventional grown 
——— pea Typicet eS junction transistors. Through close process 
Emitter Voltage Cut-off Current at 25°C control, these units have exceptionally low 
Current Vee Peak Frequency ot Ve Mox. : . f 
Gain, 8 (volts) (me) (va) I-o up to their maximum voltage and tem- 
perature ratings. As a result, performance 
45 1 ‘ reliability can be achieved even at higher 
30 11 . voltage levels. 
15 WW 





0 17 For environmental stability, extensive tem- 
15 17 perature cycling and storage as well as 
mechanical and hermetic seal tests are in- 
cluded as a regular part of the manufactur- 
ing process. 


45 10 
30 10 
15 10 


45 7 
45 9 


45 1 
45 10 


Send for 
Bulletin TE-1353 


‘Trangitron 


electronic corporation * wakefield, massachusetts 


ec — ce —-~e- 




















MINIATURE TWO PEN 5” 


RECORDING 
POTENTIOMETER 


Transistor 
Amplifiers 


oycluling, 


westronics 


$1195.00* INCORPORATED 


THE ULTIMATE IN AN ACCURATE, READABLE, MINIATURE 
RECORDING POTENTIOMETER, WITH THESE ADVANCED FEATURES 


@ 5-inch strip chart record. ® 0.5% accuracy on both pens. 

®@ Two pens, each traveling the full 5 inches. ©@ Completely transistorized amplifiers, no 
@ 1-second maximum balancing time. vacuum tubes. 

® Table top or panel mounting. @ MV or TC Calibration 

®@ Panel space 954” W x 8%” H ®@ Minimum Span: 1 MV 

® Margin marker pens. ® Standardization: Mercury cell. 

®@ Paper supply indicator front of recorder. © Simple sub-assembly type construction for 
@ Ball bearings in pen drive system. easy maintenance. (Entire recorder rolls 
® New concept in front set limit switches. forward out of case.) 


PLUS THESE OPTIONAL FEATURES: 


@ One front set SPDT switch and 3 SPDT © Transmitting slidewires. 
back set switches each independently ad- ®@ Selsyn motor chart drive. 
justable over the entire* range on each ® 3 speed quick change chart drive. 
pen. @ Left and/or right margin marking pens. 


WESTRONICS RECORDING POTENTIOMETERS FOR EVERY NEED 


One Pen Miniature 5” Recording Potentiometer 


@ 5” strip chart record. 

@ Continuous Automatic Standardization with elec- 
tron tube amplifiers. 

@ Requires only 95%” by 8%” panel space. 

@ Accuracy better than 0.5%. 

@® One second full scale pen travel. 

® Weighs less than 25 pounds. 


$490.00* 


Two Pen 11” Recording Potentiometer 
11” strip chart recorder (12” overall 
width). 

Completely transistorized amplifiers. 
Reduced maintenance. 

Small size. 

Immediate recording . . . no warm-up 
time. 

Optional synchronous motor or Selsyn 
motor chart drive. 


* 
vtS06.08 *BASE PRICE 
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NEW PRODUCTS 


set directly on an auxiliary scale. ‘The 
mechanically operated milliswitches 
used are rated at 5 amp maximum at 
120 vac, and are virtually unaffected 
by vibration.—Barton Instrument 
Corp., Monterey, Calif. 


Circle No. 29 on reply card 


DATA HANDLING 


NEW DATA SYSTEM 


lhe S-100 Digital Data Processing and 
Recording System is said to incor 
porate the latest measurement and 
data handling design techniques for 
sampling inputs from up to 100 
Vibrotron Digital ‘Transducers at rates 
of up to 100 per sec. Etched circuitry 
is employed throughout the compon 
ent groups, and plug-in type fabrica 
tion facilitates maintenance. System 
outputs include visual readout, tabula- 
tions, punched cards, tape, and other 
media. Power requirements: 115 volts, 
60 cycle.—BJ Electronics, Borg-Warner 
Corp., Santa Ana, Calif. 


Circle No. 30 on reply card 


VERSATILE PROCESSOR 


A new analog-to-digital converter, the 
Series 160 Digital Data Processor, is 
now in production to meet the need 
for a rugged, lightweight, and _ver- 
satile data handler for industrial ap 
plications. ‘The unit will handle any 
variable that can be presented as an 
analog voltage, converting this in- 
formation to digital form and mak 
ing it available as a direct reading 
in-line three-digit indication, as a 
number printed sequentially on paper 





PUTTING THE DIFFERENCE IN DIFFERENTIALS WITH 


CoyYrRrPAkK 


to speed production and cut rejects 
at Canadian Acme Screw & Gear, Ltd. 








CYPAK* static controls do the thinking on Canadian Acme 
Screw & Gear’s new 15-station transfer machine, producer of 
differential cases for automobiles . . . choose each operation 

in the sequence . . . signal the component stations to perform at 
the correct instant .. . provide maximum continuous operation 
with less down time, fewer rejects. 


Because Cypak is completely automatic . . . has no moving parts 
to wear or jam, it can perform the most complicated functions 
faster, with no mistakes. And you can count on Cypak to give 
you 15 times longer operating life than conventional relay controls. 


Ask your Westinghouse sales engineer for detailed information 
about the ways Cypak can benefit you. Or write 
Westinghouse Electric Corporation, Box 868, 

3 Gateway Center, Pittsburgh 30, Pennsylvania. J-22076 
*Trade-Mark 


you CAN BE SURE...1F ITS 


Westinghouse 
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TRANS-SONICS 


REG. T. M. 


ELECTROSET PRESSURE SWITCH 


| | NEW PRODUCTS 


tape, or in punched form. Models can 
be relatively simple (single-channel, 
single-output) or more _ versatile 


Remotely adjustable (multi-channel, with output in a num- 
. | - ; ) Ss) ; Y 5 t « ( > 
without a Servo System ber of forms). ‘Typical specification 


include a full-scale deflection of plus 
or minus 5 mv, an accuracy within 
0.1 percent, and repetition rates of up 
to 400 samples per _ sec.—Systron 


Corp., Concord, Calif. 
Circle No. 31 on reply card 





SPECIFICATIONS 


RANGE: Adjustable 0 to 15 psia ro actual size 
(0 to 760mm Hg) 
REPEATABILITY: + 1mm Hg. COMPACT LOGGER 
. + 
eee eye Developed for automatic data record- 


ing in process industries, laboratories, 
VIBRATION: 25 g to 2000 cps. Operates under severe en- and test facilities this compact data 


logger will sequentially log up to 50 
WEIGHT: 14 ox. vironment from atmos- analog variables on demand or at 


. timed intervals. Data can be presented 
pheric pressure to vacuum in tabular form or on punched cards. 


with accuracy of 2mm Hg. Outputs from a variety of primary ele 
ments can be handled.—Hanson-Gor- 


rill-Brian, Inc., Glen Cove, N. Y. 
Circle No. 32 on reply card 


ACCELERATION: 50g in any direction = 


TEMPERATURE RANGE: — 65° to + 160°F. 


SWITCHING CURRENT: 1 ampere 
resistive load 











The Electroset Pressure Switch offers a new and easier way 
to calibrate and set a pressure switch from a remote position. 
The contacts are automatically adjusted simply by applying 
the desired switching pressure and momentarily energizing a 
solenoid. When the solenoid is de-energized, one contact is 
securely clamped while the other contact remains free to 
move with changes in pressure. Once set, the switch will 
open at pressures below the calibrating pressure and close 
at pressures equal to or above the calibrating pressure. 

The Electroset Pressure Switch is vacuum sealed, isolated 
from dirt, moisture or corrosive fluids, including the fluids 
used to actuate it. It is ideally suited for industrial process 
control applications where an adjustable switch must be lo- 
cated in a remote or inaccessible location or where the switch 
must Operate in an atmosphere which would degrade the 
performance of a non-hermetically sealed unit. Among mili- 
tary applications are arming of warheads and control of 
aircraft or missiles. Write for Technical Bulletin 1570 to 
Trans-Sonics, Inc., Dept. 11, Burlington, Massachusetts. 


COMPACT CONSOLE 


A new console consisting of a control 


TRANS SONICS panel and a cabinet for housing the 
ca] 


control elements of a Toledo weighing 
system is shown in the photo. The 


..* } console also provides a location for the 
TRADEMARK Precision anslulens listing and adding unit that records 
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bre ate the your most 


PERPLEXING 
ACTUATION 


aqiunaw OG.m fJoreaws 


pe Sif AND TORQUE 
PROBLEMS! 


NEW 1958 ENGINEERING 
DATA BOOK Basic Operation ¢ Applications « Advantages ¢ Features 
and STANDARD ASSEMBLIES Characteristics ¢ Technical Data ¢ Standard and Custom-Designed 
PRICE LIST Assemblies ¢ Couplings ¢ Design Data © Engineering Assistance 


Facilities and Service « Save time, trouble and money by getting 
from worid’s largest producer of the full facts now on Saginaw b/b Screws and Splines that save 


b/b screws and splines power, weight and space—often help solve “impossible” problems! 


SEND FOR YOUR FREE COPY TODAY.—— —~—-— 
| 
| Saginaw Steering Gear Division, General Motors Corporation 
| b/b Screw and Spline Operation, Dept. 3CE, 
. Please send 1958 engineering data book on Saginaw b/b Screws and 
I Splines, and standard assemblies price list, to: 
I NAME : 
(Dparing 
. COMPANY 
| 
| 
| 


36 PAGES CRAMMED WITH FACTS! 





Screws & H$plines 


SAGINAW STEERING SEAR DIV., GENERAL MOTORS CORP., SAGINAW, MICH, 


ADDRESS ___ 


ae . 2 ZONE STATE___ 
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NEW PRODUCTS 


weight data originating at the remotely) 
located scale or scales. Remote loca 
tions up to 1,000 ft are now possible. 
An operator can observe an entire 
batching or weighing operation from 
the console. Pilot lights permit him 
to follow the operation from the be 
ginning, through all stages, to the end. 
The cabinet door is equipped with a 
lock to prevent tampering.—Toledo 
Scale Co., Toledo, O. 


Circle No. 33 on reply card 





FINAL CONTROL 
ELEMENTS 


no beeps 
»».just clicks 


This is probably about the most groundborne relay ever built by Sigma. Since 
its leviathan specifications include a brutish size of 344" x 2346" x 242" and 
a weight that can reach 58 of a pound (even bigger and heavier when her- 
metically sealed ), it’s exceedingly doubtful that it will ever fly, orbitally or 
otherwise. Since that kind of quick fame is out of the question, the “61” 


should be able to do some other — though less timely — sort of job. It can, 


CORROSIVES TO 6,000 PSI 


Rated to 6,000 psi, this new- direct 
lift stainless-steel solenoid valve is now 
available in 4-, 4-, @-, and 4-in. pipe 
sizes. Port sizes depend on the maxi 
mum pressures and viscosity of the 
media. Bubble-tight construction and 
an explosion-proof housing are op 


i 
(Form X). Since the Form Z types latch firmly in either of two positions by tional features. Various seat materials 


and here’s where you product designers can start paying close attention. 


The 61 is a polarized DC power contactor, with four separate heavy-duty 
contact circuits (DPDT only ) for switching up to 20-ampere resistive loads in 
response to momentary 4 to 14 watt signals. Two switching forms are avail- 
able: Form Z, magnetic latch - in, single or dual coils, and Form Y, magnetically 


biased, single coil. For special jobs, center-stable 61’s can also be built 


magnetic means, there are no mechanical wearing surfaces; the one part that mav be specified. Applic ations include 
does move uses miniature ball bearing pivots the control of high pressure Corrosive 
gases and_ liquids.—Atkomatic Valve 
Co., Indianapolis, Ind. 


Circle No. 34 on reply card 


Some of the places we’d expect the 61 to be particularly 
useful include machine tool control panels, battery - powered 
control systems, and other equipment where big fat loads 
f must be dependably switched by comparatively meager 
signals, in the presence of contact-disturbing shakes, shocks 
and rumblings. Space and money can also sometimes be saved 
by a 61, in replacing a pilot and slave relay combination 


where 225-450 mw. signals have to control 1 to 2 kw. loads. 
POLARIZED LATCHING CONTACTOR 


Series 61 relays are quite easy to order, once you master Sigma’s international, 


all-encompassing system of code designation (readable east to west, north to 
south, without binoculars ). Example: 61FZ2A2B — 200 — GD SC = an unen- 
closed latching DPDT 61 with 200-ohm dual coils and silver alloy contacts. 
Bulletin, on request, explains all this and more. REVERSING DEVICE 


4 new instant-reversing mechanism 


SIGMA INSTRUMENT S, INC. for electric motors is said to represent 


a radical departure from conventional 
69 Pearl Street, South Braintree 85, Massachusetts reversing switches. Available on 
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Permanent 


ower cost of motors 
and generators 


Have you thoroughly considered all the advantages permanent 
magnets offer? Are you certain your current designs are as modern 
and efficient as possible? 

Present day permanent magnet materials enable performance 
characteristics undreamed of a few years back—and, very fre- 
quently, at a cost lower than that possible with any alternative 
method. Particularly is this true in the designs of field structures 
of modern motors and generators of all sizes and ratings. 


Consider these six advantages 


. Increased efficiency, lower operating temperatures, due to elimination of field 
losses. in generators, there are no exciter or slip ring losses. 


2. Constant field strength under widely varying voltages and loads. 


. Peak operating efficiency in adverse atmospheric conditions, or even submerged 
in water or many mild acids and alkalis. 


4. No field insulation damage in elevated temperature operation. 


Reduced maintenance cost and bother due to elimination of field windings and 
slip rings. 


Elimination of the hazard resulting from the accidental interruption of the field of 
a d. c. shunt motor. 


Why not contact a magnet special- 
ist for further discussion of this 
problem? This will provide you 
with the assistance of an engi- 
neering staff as experienced in 
magnets as you are in motors. 
Crucible Steel Company of Amer- 
ica, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 





C a U C | 4 LE| first name in wun purpose steels 


Crucible Steel Company of America 
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IMPROVE YOUR LABORATORY wr) MODERN, FUNCTIONAL, EQUIPMENT 


Cutaway view of our standard (K 2 


base unit: This construction 


technique permits you to inter- if 
change drawers and cupboards | 


by utilizing the same base cab- 
inets as your laboratory require- 
ments change. 


METALAB mass-production meth- |}) 
ods, which have been adapted to | 


custom laboratory equipment and 
furniture resuits in ‘‘custom” 
quality units at ‘‘standard’’ 
prices. 








for 
INDUSTRIAL 


y - EDUCATIONAL 


INSTITUTIONAL 
HOSPITAL use... 


From our vast experience in laying out 
the nation’s finest laboratories, METALAB 
can show you how to obtain maximum 
working and storage area in a minimum 
of space... how to make current equip- 
ment adaptable to any possible future 
needs ... and how to achieve true econ- 
omy in laboratory equipment. This know- 
how, plus the use of only the finest 
laboratory-tested materials, assures you 
of obtaining the most at Metalab for your 
laboratory budget. 


Our Engineering Dept. will be pleased to 
solve your laboratory planning problems 


NEW PRODUCTS 


single-phase motors from 1/6 to 1 hp, 
the device is independent of relays 
and avoids a delaying mechanical con- 
tact with the centrifugal switch. Low- 
friction nylon shoes fitted to the shaft 
maintain silver contacts in a preset 
position, ready for immediate revers- 
ing operation.—Franklin Electric Co., 
Inc., Bluffton, Ind. 

Circle No. 35 on reply card 


without any cost or obligation on your part. 
Write today for our literature! 





INFINITELY VARIABLE 





RAAATAAAD Aor erteasarsyes* 
METALAB 


259 DUffy Ave., Hicksville, Long Island, N. Y. 





Pictured is a new mechanical variable- 
speed drive, available with motors of 
from 1/50 to 1/10 hp. Low control 
forces permit its use in systems with 





Please visit us in Booth 356 at Chemical Show—N. Y. Coliseum—Dec. 2-6, 1957 solenoid- or torque motor control. 


TIME YOUR TESTS in 


Range is infinitely variable from zero 
to full speed forward or reverse. The 
control shaft on top of the unit re- 
f quires an input of plus or minus 15 
SPLIT-SECON Ds! deg rotation to cover the full speed 
range. Control torque needed is 
bout 2-3 oz-in. Time required to go 
from full speed forward to full te- 
verse is less than 0.05 sec.-Humphrey, 
Inc., San Diego, Calif. 
Circle No. 3G on reply card 


ALL-PURPOSE 
LABORATORY TIMERS 


You can set the large 8” dial for any de- 

sired time period within an unusually wide 

range of 3600 possible settings, (i.e., 1 sec. 

to 60 min., 1 min. to 60 hrs., etc.). At end 

of preset interval, alarm sounds and ex- 

MODELS AT ternal load is automatically switched on 
$23.95 TO $29.95 or off. 


Gra-Lab Micro Timers, Electric Stop Clocks, are available in 1/10 —— 
sec. or 1/1080 a. graduations for aptbeosant ineneuremonts ACTUATOR MOTOR 
of elapsed time in laboratory or production operations. Price 
$37.50 . Basically this is a compact, light- 
weight ac solenoid with a vibrating 
rate of 120 cps (when operated on 60 
cps, ac). The vibratory motion is 
translated into rotary stepping motion 
through a fast-acting one-way clutch. 
Since it is always vibrating in the 


WRITE FOR COMPLETE CATALOG 


DIMNCO-GRAY COMPANY 


214 E. SIXTH STREET © DAYTON 2, OHIO 
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announcing a new Hughes series — 
high efficiency, medium power 
silicon rectifiers 





For the first time, you can obtain high forward conduct- 
ance and a high breakdown voltage, together in one recti- 
fier. High forward conductance increases the efficiency of 
the rectifier, thereby providing more power to the load at 
lower junction temperatures. And low junction tempera- 
tures ensure long life plus reliable rectifier operation. 

The unique combination of high forward conductance 
and high breakdown voltage permits rectifier performance 
never before achieved in the standard EIA Group 20 
(7/16” hex.) stud mounted package. This package is welded 
and hermetically sealed with a glass-to-metal seal to pro- 
vide complete protection from contamination and. mois- 
ture penetration. Inside, where it counts, protection like 
this is essential. 


| 
Creating a new world with ELECTRONICS 


HUGHES 





Ge). 


SEMICONDUCTORS 





The HR10681, a typical 
rectifier in the series. 
Min. Breakdown Voltage = 600V 


Max. Average Rectified 
Current @ 25°C = 2A* 


Average Reverse Loctags Current 
@ 2A and 420Vrms@ 25°C 


tapes Full Load Average 
orward Voltage Drop = 1.0V 


Typical Dynamic Forward 
Resistance = 0.20hm 


*Higher currents obtainable with heat sink. 


= 100,A 








Our sales engineers welcome the opportunity 
to discuss application of these new units to 
your circuitry. For address of sales office near- 
est you, or for complete information, write: 
SEMICONDUCTOR DIVISION * HUGHES AIRCRAFT co. 


International Airport Station, Los Angeles 45, California 


| HUGHES PRODUCTS 
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SPECIFICATIONS 


Relay Type NMIC50 | NMIC 200 | NMIC 500 | NMICIK | NMIC 2K 
D. C. Coil } 


Resista | 
(+ 10% @ 50 Ohms | 2000hms | 500 Ohms ' 1000 Ohms | 2000 Ohms 


20°C) | | | 
Coil Voltage 3-5 V.D.C. | 6-10 V.D.C. | 9-15 V.D.C. | 12-21 V.D.C.| 18-30 V.D.C. 
Pickup 44 MA Max.) 22 MA Max.) 14 MA Max.) 10 MA Max, | 7 MA Max. 
AGA CURA SRE, RETR RIDES RR ORE LIN MRT, 
Duty: Continuous Shock: Shock test: 50 G. without 
Dropout: 30 to 60% of pickup damage 
Contact Rating: .25 AMP at 28 V.D.C. Vibration: 10 G to 500 cps 
resistive load Contact Arrangement: SPDT Form C 
Operation Time: 4 milliseconds max. @ Ambient Temperature Range: — 55°C 
rated voltage to +85°C 
Dielectric Strength: Sea level: 5S00Y Life: 1,000,006 operations at rated load 
RMS. High altitude: 500 V RMS Contact Resistance: .05 Ohms 


CONTROL ENGINEERING 


NEW PRODUCTS 


most efficient part of a solenoid’s 
stroke, the motor has a very high 
torque for its size and input power. 
Applications include rotary selection 
of switches, remote control switching 
and homing, power stepping, and in- 
dexing.—Viking Tool & Machine 
Corp., Belleville, N. J. 

Circle No. 37 on reply card 


COMPONENT 
PARTS 


SERVO DAMPERS 


The new CD-60 series viscous-coupled 
inertia dampers solve servo stability 
problems without tachometers or net- 
works. High velocity and torque con- 
stants are now obtainable by this 
simplest of stabilization techniques. 
The units are designed to mount di- 
rectly on Diehl FPE-25 5-watt servo- 
motors. Dampers for other motors 
are also available. ‘Time constants are 
adjusted at the factory to meet cus- 
tomers’ requirements.—Feedback Con- 
trols, Inc., Waltham, Mass. 

Circle No. 38 on reply card 


VERSATILE SYNCHRO 


The new 3SYN synchros, one of 
which is shown here, combine the 
functions of three units: torque re- 








2 Pressure operated selector vaivel 
Position indicator! 


al-1e-M—) 
bdal—) 


inside 


3 Regulator and by-pass vaive! 
6 


Solenoid operated pilot vaive! 
4 Check vaive! 
S Restrictor and relief vaive! 


story... 
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es 
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Weston’s Pneumatic Actuator Control Valve Package 


Combines 6 Components in a Single 6.4 Ib. Unit! 


While controlling the pneumatic actuator, this weight and space saving valve also 

provides for snubbing pressure at the opposite end of the stroke. It affords extremely fast 

operation (maximum at .04 seconds) and low leakage (10 cubic inches per hour). 

The selector valve is non-interflow and detented to maintain position. If you have a weight and space 


‘problem, let Weston’s team of specialized package engineers solve your specific application. 


a subsidiary of Borg-Warner Corporation 


HYDRAULICS LIMITED 10918 BURBANK BLVD., NORTH HOLLYWOOD, CALIF. DEPT. CE-12 


Export Sales: Borg-Warner International 36 South Wabash Ave., Chicago 3, Illinois 
Eastern Representative: Mr. W. R. Beckerle 14 South Boro Lane, Glen Rock, New Jersey Telephone: Gilbert 4-2094 
Midwest Representative: Mr. E. A. Polowniak 11767 Fawnridge Drive, Kirkwood, Missouri Telephone: YOrktown 6-486] 
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KEY SOURCE FOR 


SMALL MOTORS 


Globe Industries should be your prime source for small, peak 
performance A.C. and D.C. motors for fundamental reasons. 
For instance, the four D.C. motors shown are just a beginning 
—not only can you have them in countless variations, but you 
can add scores of standard spur or planetary gear ratios. Also, 
a wide variety of governors, clutches, brakes and filters are 
available promptly to meet any need you have. All these vari- 
ables are combined by Globe to give you a motor which out: 
performs any other motor of comparable size. 

An interchangeable standard part inventory, coupled with 
precision production techniques to match engineering efficiency 
are specific reasons why you can obtain quality custom built 
prototypes in 2 to 4 weeks. These same methods shorten lead 
time on Globe actuators, timers, rate gyros, blowers, servos. 

Ask the largest D.C. miniature motor manufacturer first. 


Send for your copy of the Globe D.C. motor catalog now. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio, HE 3741 



































Li 


; 





STANDARD CHOICES: voltages to 120 V.D.C., output to 1/20 h.p., 129 
spur and planetary gear ratios, geared break away torques to 2500 oz.in., 
many varieties of governors, clutches, brakes, and filters are available. 
The graphs appearing above illustrate typical performances. 
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ceivers, and control or torque trans 
mitters. Performance in all three 
functions is said to exceed that of 
standard MIL synchros. Because of 
their versatility, the new units mini- 
mize the spare parts problem. Stand- 
ard models operate at +00 cps while 
special units are available on order 
for any frequency from 400 to 10,000 
cps.—Norden-Ketay Corp., Gardena, 
Calif. 

Circle No. 39 on reply card 


MAGNETIC CLUTCH 


Shown is a single-end magnetic clutch- 
brake, Model D-104, designed speci- 
fically for low-power servomechanisms. 
Standard operation is 24 vdc, but 
windings for 1.5 to 300 volts are avail- 
able on request. ‘The umit delivers a 
minimum of 8 oz-in. of clutching or 
braking torque. Response time is 
extremely fast: as low as 3 millisec. 
Angular displacement error upon en- 
gagement is held to a minimum, and 
power consumption is only 3 watts.— 
Dynamic Instrument Corp., West- 


bury, L. I, N. Y. 
Circle No. 40 on reply card 


TO 1 SEC OF ARC 


[wo new and larger Rotary In- 
ductosyns are now available. They are 
a 7-in. model with an accuracy to 


> 


within 2 sec of arc, and a 12-in. model 





MISSILES Aonliy mopEL 420 
0 
MACHINERY 


covers the oscillograph recording field 























TELEMETRY 
APPLICATIONS INDUSTRIAL APPLICATIONS 


QUICK-LOOK monitoring in the STRESS-STRAIN RECORDING with “first- 
telemetry ground station per- hand” read-out during test. ° 


mits continuous observation of : ‘ 
missile in-flight programing re- PERMANENT record obtained at test site 


cults. may be stored indefinitely for purpose 
of future data reduction. 

ON-THE-SPOT monitoring permits making in-flight 

function corrections in controlled missiles or piloted PORTABLE — extremely useful for field 

aircraft. test applications where a “multiplicity” 
of data must be collected with the least 


A NATURAL for mobile telemetry vans . . . compact, amount of instrumentation. 


rugged, low power consumption, record is PERMA- 
NENT, no fading or fogging when exposed to direct @ No amplifiers required for many appli- 
sunlight. cations. 


USES a variety of tubular mirror 


ENGINEERS: pee galvanometers pioneered by Century 
Check your requirements against these FEATURES! 


@ Permanent continuous record produced within re- @ As many as 24 intelligence channels may be re- 
corder, corded on the 8-inch x 200-foot record roll. 


@ Developed record may be viewed an INSTANT @ Record is REPRODUCIBLE without loss of contrast by 


after exposure. f - : 
R ok Ozalid, Bruning, etc., processes . . . NO deteriora- 
@ HIGH CONTRAST photographic qualities . . . black tion due to ultra-violet exposure. 


intelligence traces are recorded on light colored 
background. @ Eliminates need for costly darkroom facilities. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


E Zs Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our nearest representative: 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY —TEL.: BARCLAY 7-0562 


PHILADELPHIA, PA DALLAS, TEXAS REDWOOD CITY, CALIF SAN DIEGO, CALIF ATUANTA, GEORGIA DAYTON, OHIO CHICAGO, HLL AGINCOURT, ONTARIO, CANADA 
TEST EQUIPMENT SALES CO. ARNOLD BARNES CO. G. S. MARSHALL CO G. S. MARSHALL CO. €. G. HOLMES & ASSOCIATES ELECTRO SALES ASSOCIATES CARLSON SALES CO ELECTROMECHANICAL PRODUCTS 
4447 N. BODINE ST 5512 DYER ST 2015 EL CAMINO REAL 3525 STH AVENUE 309 PHARR ROAD, N. E 512 ORANGEWOOD DRIVE 6677 NO. NORTHWEST HIGHWAY MARKHAM ROAD 
TEL: MICHIGAN 4-1822 TEL.; EMERSON 16716 TEL: EMERSON 6-8214 TEL: CYPRUS 8-8234 TEL.: CEOAR 7-7801 TEL; WALNUT $426 TEL: NEWCASTLE 1.8646 TEL: AXMINISTER 3-701 


LONG ISLAND CITY, WV. Y. TUCSON, ARIZONA SAN MARINO, CALIF DENVER, COLORADO CLEVELAND, OM10 SEATTLE, WASH. EXPORT 

TEST EQUIPMENT SALES CO. G. S. MARSHALL CO G. S. MARSHALL CO. BARNHILL ASSOCIATES TRO SALE SSOCI TEsTCco NEW YORK C 
29-46 NORTHERN BLVD. 3686 BAKER PLACE 2065 HUNTINGTON DRIVE 6520 WEST 62ND AVE 2 167 QM. 105 BOEING FIELD 149 BROADWAY 
TEL; STILLWELL 4-7120 TEL.; EAST 7-1501 TEL: RYAN 1-6781 TEL. HARRISON 4-7739 TEL; REOWOOD 2.7444 TEL: LANDER 9000 TEL: BARCLAY 7.0562 
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accurate to within | sec of arc. The 
new units can be used as electro- 
mechanical dividing heads, high-pre- 
cision position servos, electronic back 
| lash-free electronic gear ratios, high- 
speed clectromechanical phase shifters, 
| or as angular pickoffs—Farrand Con 
| trols, Inc., New York, N. Y 


Circle No. 44 on reply card 
Reliance Speed Indicator 


This all electric unit consists of three parts, a pick-up, an 
indicator, and a two wire electric connecting cable. Stand- 
ard scales are availiable, reading from 0 to 750, 1500, 2000, 
2500, 3000, 4000, and 5000 rpm. Special scales are avail- 
able that measure in units other than revolutions. 


Reliance Speed Indicators may be mounted either directly 
to the shaft, or offset. An electric connecting cable up to 
300’ long may be used for remote readings. A-1667 


LIST PRICE COMPLETE Write for Bulletin A-2405 
$126.20 
Including pick-up, indi- RELIANCE thir 


cater, mounting parts, 
and 10’ of electric cable. DEPT. 5212A, CLEVELAND 17, OHIO 
Quantity discounts. Sales Offices and Distributors in principal cities 


COMPLETELY POTTED 


Furnishing a maximum power of 6 
| watts, this miniature transistorized 
servo amplifier extends system flexi 
bility by driving a number of different 
servo motors. Shock and vibration re 
sistant, it is well-suited for missile and 
high-speed aircraft applications. Gains 
of 100 to 1,000 are easily established. 
Kearfott Company, Inc., Clifton, 

N. J. 
Circle No. 42 on reply card 


ae 


ASCOP SAM PLING SWITCHES 


For Automation and Control Applications 


ASCOP, the leading manufacturer of rotary ASCOP switches feature reliability, accuracy 
sampling switches, for industrial, scientific and and trouble free operation. Up to 240 con- 
military uses, has over 200 standard models _ tacts per pole are available. Whether your 
for automation, instrumentation, telemetering, problem requires a standard switch or a special 
display and countless other applications. design, rely on the leader... 


APPLIED SCIENCE CORP. OF PRINCETON 
P.O. Box 44, Princeton,N. J. @ Plainsboro 3-414] 


West Coast Office HIGH STABILITY 
15551 Cabrito Road, } 


Van Nuys, Caiif. | According to its manufacturers, the 
° | Model 198 is the only commercially 

available transistor amplifier having a 

closed-loop gain stability within 1 per 

cent through a temperature range of 





CONTROL ENGINEERING 





TINY like a beetle -® 
RUGGED like a turtle 
because they both 


haveaSHELL @ 


—_ D SUBMINIATURES 


... light, but strong steel shells give maximum support to Cannon “D” Sub-Miniature 
Piugs. And...mounting depth is actually less than on conventional shell-less connectors. 


Zytel 161 insulators allow a greater number of contacts within a smaller area in 
standard units. Four DH Connectors are now made for hermetic seal applications. 
And, junction shells specially adaptable for potting. The DF Sub-Miniature Series feature 
new floating mounting holes for ease of alignment; screw locking assemblies, miniature 
coaxial contact combinations, and straight and angle 90° junction shells with cable clamps. 
Five shell sizes. 9, 15, 25, 37, and 50 five ampere contact insert arrangements; gold plated 
brass contacts in plastic inserts; cadmium plated steel contacts in fused glass insulators. 
Keystone polarization. And...most important of all... Cannon Electric assured quality. 


Cutaw f stan 
NOW ... Available in Diall plastic. weap 2-03 


“D" sub-miniature connector 


Standard D available in Zytel or 
Diall. DH hermetic seal units have 
vitreous insulators; solderpot 
shown; eyelet also available. 


Screw locking mechanism is simple, 
positive. 


Each miniature coaxial replaces five 
5-amp. contacts in “D” layout. 


* 
ee ee ee ee ee ee ee ee ee ee 
ae ee ee eR Oe ee eee 


Look 


ae ‘aiid for this 
Floating mounting holes aid align- ; Display Box 


ment in multiple mount rack-and- wee J of Cannon “D” 
panel applications. Junction shell with 90° cable clamp. y 2a Sub-Miniatures 








Write for 8-page Bulletin D-6. 
“D” Connectors Are Stocked by 
7 More than 200 Jobbers, Coast-to- 
Coast—and by Cannon Service Stores, 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif. 
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HIGH-POT 


Conservative engineering pays off production favorites everywhere. 


.. every time. The popular NJE HP NJE mass production holds prices 
series dc ‘‘high-potters’’ are notas down, too: 


elegant or versatile (but every bit HP-1 0-2.5KV DC 2MA $175 
as rugged) as the larger NJE HP-2  0-5KV DC 2MA $200 
H-line industrial supplies. These HP-3 0-10KV DC 2MA $250 
dependable little workhorses are HP-5 0-30KV DC 2MA $350 


ad ad corporation 
Electronic Development & Manufacturing 


333 CARNEGIE AVENUE, KENILWORTH, NEW JERSEY 
Competent Engineering Representation Everywhere 
NIE LEADS THE POWER SUPPLY FIELD 
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minus 60 to plus 125 deg C. A high- 
gain, low-power, plug-in type, the am- 
plifier was designed for both servo 
and audio applications. It features an 
open-loop gain of 90 db and a closed- 
loop gain variable from x2 to x1,000. 
The unit will operate at 40 g’s at 60 
cps without significant increase in 
background noise. It weighs less than 
2 oz and has a bandwidth of 5 cps to 
50 ke—Taber Instrument Corp., 
North Tonawanda, N. Y. 


Circle No. 43 on reply card 
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MINUTE MEMORY CELL 


A new super-high-speed memory de- 
vice, which responds in a hundred 
millionth of a second, uses miniature 
printed circuit of metallic lead at 
temperatures close to absolute zero. 
Its future in high-speed, high-capacity 
electronic computers is said to be 
promising. The cell is based on the 
unusual properties of special super- 
conducting materials which offer no 
resistance to the flow of electric cur- 
rent at extremely low temperatures. 
Even after the source of electricity is 
removed, current will continue to 
flow without diminution. Also, the de- 
vice requires only about a third of the 
current needed to drive the ferrite 
memory units now widely used in 
electronic computers, while provid- 
img an increase in speed of about a 
hundred times.—IBM, New York. 


Circle No. 44 on reply card 
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WIDE BAND MULTIPLIER 


Designed for high speed and accuracy, 
this new analog-computer multiplier 
generates a voltage proportional to the 
instantaneous product of two arbitrary 





were dc null detector 


instruments 5 
in one... micro-microammeter 


microvolt level dc amplifier 


microvoltmeter 


..and can 
really take 
a beating 





KIN TELS ELECTRO-GALVO SOLVES ALL YOUR 


LOW-LEVEL DC MEASUREMENT PROBLEMS 


Sensitive 


Functionally equivalent to suspension galvanometers, but 
with far greater versatility, the Model 204A is the ultimate 
for DC null detection in low level bridge and potentiometer 
circuits. KIN TEL’s chopper stabilized, all transistor design 
provides extreme sensitivity and rugged durability superior 
to conventional moving coil or electronic galvanometers. 


Rugged 


Immune to overload and shock, the current sensitivity of 
the Model 204A is 20 times greater than the sensitivity of 
high quality, mechanical current galvanometers. As a volt- 
age galvanometer, the extremely high power sensitivity of 
the Model 204A makes it superior to low impedance 
moving coil instruments. 


Versatile 


This reliable, general purpose unit is ideal for use as a direct 
reading indicator for strain gage, thermocouple and other 
current or voltage measurements in industry or laboratory. 
The 204A’s simplicity of operation makes it the key to 
efficient production line testing. Its unequalled stability 
makes it ideal for low level DC amplification to extend 
the range of recording and other measurement instruments. 


Representatives in all major cities. 


5725 KEARNY VILLA ROAD * SAN DIEGO 11 
CALIFORNIA ° BROWNING 7-6700 


Check these outstanding specifications 


© 20 Micro Microamps Per Division 
Sensitivity 


+ 10 Microvolts to 10 Volts or + 
0.001 Microamp to | Milliamp Full 
Scale Sensitivity 


Withstands Extreme Overload with 
No Zero Offset 


Transistorized — Rugged — Insensitive to 
Shock, Microphonics, Position 


Floating Input 


7 Voltage or Current Ranges 


r 
| 
| 
| 
| 
| 
| 
| 
| 
: 
| 
| 
| 
| 
| 


10,000 Ohm Input Resistance 
10-** Watts Full Scale Power Sensitivity 


Equivalent Built-in Ayrton Shunt— 
No Accessories to Buy 


Use as Stable DC Amplifier with 1 Volt 
at 1 ma Output 


Less than 2 Microvolts Drift 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| Less than 1 Microvolt P-P Noise 
| 


Model 204A Price $325.00 
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Fitted with Counting Device 
Reads to Closest .0001 mi. | 


AMINCO 
KOEGEL 


CAN BE USED WITH 
HIGHLY CONCENTRATED 
REAGENTS 


Buret can accomplish titrations 
throughout entire quantitative range 
of analytical chemistry, ie: macro, 
micro, and ultramicro. When 
concentrated titrants are used 
(approximately 2-normal), the net 
tl. of titrant per analysis can be 
reduced some 20-fold. 


Complete information in 
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NEW TITRATION 
TOOL ELIMINATES 
MENISCUS READING 


Titrants are dispensed mechanically. 
There is no need for stop-cock 

or needle-velve control. There is 

no meniscus to set or read 

+ + + no errors of parallax exist. 
Zero-meniscus is automatically 

set when counter 

reads 0.0000, 


' Bulletin 2286—Y 


Yours upon request 
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input voltages (de to 5 ke) with less 
than 5 microsec delay. Accuracy is 
within plus or minus 0.1 percent of 
full scale over most of the band. No 
adjustments for at least 8 hours are 
required if accuracies of within 0.25 
percent are adequate. The instrument 
operates with a 450-ke carrier, which 
is phase- and amplitude-modulated by 
the two inputs to produce an output 
proportional to their product. The 
unit, designated Model 251, is now in 
production.—Chadwick-Helmuth Co., 
Monrovia, Calif. 

Circle No. 45 on reply card 


ACCESSORIES 
& MATERIALS 


PAPER TAPE STORAGE 


Shown is a VISI sleeve panel capable 
of housing up to 40 plastic sleeves, 
each containing a long punched paper 
tape. Panels are 24 or 30 in. wide 
and designed to fit into the com- 
pany’s standard housing units. Visible 
indexing of the sleeves for positive 
control may be accomplished on the 
panel, on the sleeve, or on the tape.— 
VISlIrecord, Inc., Copiague, N. Y. 
Circle No. 46 on reply card 


CONDUCTIVE CELLS 


A breadboarding technique based on a 
new way of making solderless connec- 
tions promises to greatly simplify elec- 
tronic circuit development. Com- 
ponent leads, or the ends of jumper 
wires, are electrically connected simply 
by inserting them into small cells or 
“pockets” of conductive material. 
This results in a contact of extremely 
low resistance. Individual components 
may be replaced or reassembled with- 
out damaging leads or loosening con- 
tacts. One application of the new 
method is a circuit board made up of 
130 conductive cells. Each cell will 
accommodate four or more component 
leads.—Van-Dee Products, Laguna 
Beach, Calif. 

Circle No. 47 on reply card 








Would you like to play a major role in the 
design, development, manufacture and appli- 
cation of transistors? 


IBM now has challenging assignments in the 
product development and application of semi- 
conductor devices for commercial data processing 
equipment. There are unlimited opportunities for 
professional achievement and advancement in our 
Laboratories at Endicott and Poughkeepsie, New 
York, and at our Manufacturing Facilities at 


Poughkeepsie, New York. 


Qualifications 


Advanced degree in electrical, mechanical 
or chemical engineering, physics, metallurgy 


or chemistry, and 


At least 2 years’ experience in the design, 
development, manufacture or application of 
semi-conductor devices and materials. 


Additional career opportunities are available in 
the following fields: 
© Numerical analysis and programming 


¢ Memory devices 


For details, just write, outlining background 
and interests, to: 


Mr. R. A. Whitehorne, Dept. 5411 

Mgr. of Technical Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 





DATA PROCESSING 

INTERNATIONAL ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 

BUSINESS MACHINES SPECIAL ENGINEERING PRODUCTS 


CORPORATION SUPPLIES 


TIME EQUIPMENT 








Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif 





HERE’S WHAT YOU’VE WAITED FOR—!THE NEW 


CEC RAPID-ACCESS DATARITE MAGAZINE 


MK Rapid access means a developed, dry oscillogram in less than one second 
at rates up to 25 inches per second. 


We Direct attachment to any 5-119 Recording Oscillograph provides up to 50 
standard galvanometer recording channels on the record. 


We Standard silver-halide paper yields optimum contrast and resolution, rec- 
ords that may be duplicated by any conventional process. 


WK The DATARITE-—S-119 combination is the only rapid-access data recorder 
that works equally well with either conventional or flash timing. 


Attractively priced, the DATARITE Magazine converts your 5-119 Record- 
ing Oscillograph to a 50-channel direct writer! No modification of the oscillo- 
graph is necessary. Record capacity is 400 feet of 12-inch thin-base paper. 
Writing speeds of over 30,000 inches per second are standard with conven- 
tional silver-halide papers. 

For the complete story of the revolutionary 5-036 DATARITE Magazine, 
inquire at your nearby CEC field office, or write for Bulletin CEC 1598-XS. 
CEC’s 5-119 RECORDING OSCILLOGRAPH-—preferred throughout the 
world for dynamic-testing reliability—is available in both 36 and 50-trace a-c 
and d-c models. Write for Bulletin CEC 1536-X17. 


(ced) Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 
OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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(100) CRYSTAL FILTERS. Hycon East- 
ern, Inc. Bulletin, 4 pp. Summarizes the 
major characteristics of this company’s 
standard crystal filters. Specifications and 
outline drawings are included, along with 
a typical performance curve and circuit 
diagram. 

(101) RELIABLE RESISTORS. Inter- 
national Resistance Co. Bulletin B-1C, 12 
pp. Contains complete specifications on 
Type BT fixed composition resistors. 
Curves illustrate the temperature charac- 
teristics and voltage coefficient as well as 
the humidity and load life effects. Last 
page discusses the availability of matched 
or balanced pairs. 

(102) RADIATION INSTRUMENTA- 
TION. Technical Measurements Corp. 
Catalog C, 6 pp. Describes a complete 
line of radiation instruments, including 
amplifiers and pulse height analyzers, scal- 
ers and rate meters, scintillation detectors 
and crystals, and a liquid scintillation beta 
spectrometer. Photos and specification lists 
accompany each description, 

(103) “ANALOG TO DIGITAL CON- 
VERSION”. Systems Div. of Beckman 
Instruments, Inc. Originally printed in the 
“Proceedings of the 1956 Symposium on 





Automatic Data Logging Systems”, this ot 
per discusses the various types of analog 
to digital converters, emphasizing the volt- 
age sweep type. It also covers operating 
principles, and shows how the final digital 
value is determined. 

(104) ANGULAR ACCELERATION 
GENERATOR. Statham Development 
Corp. Data sheet S-120, = Features, 
specifications, operation, and applications 
of the Model AAC-2 angular acceleration 
generator are covered briefly on page 1. 
Page 2 gives some general descriptive in- 
formation and notes on maintenance and 
replacement parts. 

(105) THERMOSTAT REVISIONS. 
Metals & Controls Corp. Technical Bul- 
letin THSM-4A, 4 pp. Gives revised data 
on the fixed temperature, hermetically 
sealed Klixon C4344 Series Thermostat. 
A series of dimensional drawings show 
contact construction, overall construction, 
and typical mountings available. 

(106) PANEL INDICATOR LIGHTS. 
Dialight Corp. Form L-159, 4 pp. Fea- 
tures descriptive data on a new miniature 
neon glow lamp, NE-2D, and four new 
indicator lights. Physical dimensions and 
terminal types are included. 


CITY AND STATE ... 
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(107) AUTOMATIC SPECTROGRAPH. 
Instruments Div. Philips Electronics, Inc. 
Booklet, 8 pp. Contains complete infor- 
mation on the Autromeier, an automatic 
indexing X-ray spectrograph, and explains 
its application as a nondestructive analyti- 
cal tool. Other sections deal with perform- 
ance data and operating principles. 
(108) SIZE 11 SERVOMOTOR. Beck- 
man/Helipot Corp. Data Sheet 909, 2 pp. 
Briefly describes a new size 11, 115-volt, 
400-cps servomotor and follows up with a 
discussion of important construction fea- 
tures. Back page includes electrical specs, 
motor dynamics, a torque-speed curve, di- 
mensions, and a schematic. 
(109) MASS SPECTROMETER. Bendix 
Aviation Corp. Bulletin MS-5, 9 pp. 
Leads off with a description of the basic 
operation of the Bendix Time of Flight 
mass spectrometer, then treats each model 
separately. Specifications and typical ap- 
plications are covered, as well as a list of 
standard accessories. 
(110) MOTORS AND OTHER COM- 
PONENTS. Wright Machinery Co. Bul- 
letin, 8 pp. Presents typical examples of 
this company’s precision, subfractional hp 
motors and related components. [Illus- 
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trated with photos and diagrams, it gives 
short descriptions and lists performance 
characteristics. 

(111) HIGH VACUUM GAGES. Roches- 
ter Div., Consolidated Electrodynamics 
Corp. Bulletin 9-1, 24 pp. Another in- 
formative, well-illustrated brochure from 
CEC. Some of the equipment described 
includes an absolute manometer, Pirani 
and thermocouple gages, and two types of 
ionization gages. A well-organized gage- 
data table covers type of mounting, physi- 
cal dimensions, and tube information. 
(112) MOTOR CONTROLS. Allis- 
Chalmers Mfg. Co. Bulletin 14B8507, 8 
pp. Describes the latest design features 
provided in a new line of front-access high 
voltage 2,300-5,000-volt motor starters. 
Shows how the starter’s roll-out type air- 
break contactor simplifies inspection and 
routine maintenance. 

(113) SERVOMECHANICAL PARTS. 
Reeves Instrument Corp. Catalog, 32 pp. 
Covers a complete line of miniature and 
standard parts for prototype and produc- 
tion servos. Included are descriptions and 
specifications for precision gears, mount- 
ing plates, shaft hangers, dial assemblies, 
couplings, etc. 
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(114) TEST INSTRUMENTS. Keithley 
Instruments, Inc. Catalog B, 24 pp. Ii- 
lustrates and describes an entire line of 
instruments for measurement and control 
applications. Industrial and “aboratory in- 
struments with related accessories include 
micro-microammeters, electrometers, vac- 
uum-tube voltmeters, amplifiers, multi- 
pliers, and shunts. 

(115) STEEL-MILL INSTRUMENTA- 
TION. George Kent, Ltd. Publication 
2021, 4 pp. Entitled “Instrumentation 
and Automatic Control of Soaking Pits”, 
this short paper covers some of the prob- 
lems encountered in a steel mill. These 
include measurement and control of pit 
temperature and pressure, control of fuel 
and combustion air, and measurement of 
recuperator temperature. Also mentions a 
variety of safety devices required. 

(116) “PIPELINE DESIGN”. Electro- 
Data Div. of Burroughs Corp. Brochure 
No. 5-03-110, 8 pp. Uses the optimum 
design of a natural gas pipeline to illus- 
trate the Datatron computational process. 
It tells how the computer completes, in 
1.4 sec, all the calculations involving one 
pipe segment or compressor design. 

(117) RESEARCH & DEVELOPMENT. 


Franklin Institute Laboratories. Brochure, 
20 pp. What's going on at the Franklin 
Institute Laboratories? This 20-page bro- 
chure lists some of the scientific areas cov- 
ered by the laboratories, and mentions a 
few of the completed and current projects 
to illustrate the extent of its services. 
(118) NEW CAPACITORS. Astron 
Corp. Bulletins TE-250, RM-300, 325, 
and 375, 4 sheets. These bulletins include 
charts and graphs demonstrating the per- 
formance characteristics, voltage ratings, 
and capacitance stability of miniature and 
subminiature capacitors. 

(119) HYDRAULIC CONTROL. The 
Oilgear Co. Fluid Power News No. 3, 4 
pp. The four control problems discussed 
here are taken from the company’s Appli- 
cation-Engineering Files. They cover — 
level control in a large brewery, a synchro- 
multiple drive in a synthetic fiber plant, 
motor contro] in a paper plant, feed rates 
in an aluminum producing plant. 

(120) VOLTAGE REGULATORS AP.- 
PLIED. Electric Regulator Corp. Bulle- 
tin 5.00.2, 28 pp. A dozen case histories 
on the application of this company’s 
Regohm voltage regulators are detailed in 
this pocket-sized booklet. These are fol- 
lowed by descriptions of the various types 
available. 

(121) FHP GEARED MOTORS. Merkle- 
Korff Gear Co. Data sheet, 2 pp. Illus- 
trates and describes a new fractional-hp 
geared motor. Model SG-15, designed to 
serve the off-the-shelf needs of experi- 
mental and design engineers. Output 
speeds range from 1 to 300 rpm. 

(122) DRY INSTRUMENT AIR. Mil- 
ton Roy Co. Bulletin 857, 4 pp. Follow- 
ing a list of principle design features on a 
new adsorptive-type dehumidifier for in- 
strument air, this bulletin describes the 
operation and selection of different models. 
A table and nomograph simplify selection. 
(123) PULSE TRANSFORMERS. Pulse 
Engineering. Catalog No. 201, 14 pp. 
The first page of this bulletin presents 
some definitions and an accompanying 
sketch. Descriptions of components and 
circuit applications, and hints for design 
follow. 

(124) SIZING CHARTS. Jordan Corp 
Bulletin J-SC, 4 pp. Shows how to size 
OPW-Jordan sliding gate regulating valves. 
Technical data applying to all makes of 
valves tells how to adjust sizing for varia- 
tions in pressure, temperature, viscosity, 
specific gravity, etc. Charts cover steam, 
hquid, and gas services. Cross-references 
eliminate the need for ruler or sliderule 
(125) “TRIAL BY ORDEAL” BJ ELEC- 
TRONICS, Borg-Warner Corp. Bulletin 
58-116, 4 pp. Explains the facilities and 
functions of a new environmental testing 
laboratory available to industry and gov- 
ernment for the critical operating exam- 
ination of electronic and electromechanical 
products and systems 

(126) INDUSTRIAL PRODUCTION 
CONTROL. Industrial Nucleonics Corp 
Bulletin E-157, 8 pp. Describes the new 
functional mounting arrangement of the 
Series “E” AccuRay measurement and con- 
trol equipment. Features include acces- 
sible components, modular construction, 
and simplified wiring. Cubicle dimensions 
for half- and full-bay installation. 


(127) SERVO AMPLIFIER.  Kearfott 





Co,. Inc. Data Sheet T3103, 2 pp. Points 
out the principle features of a new min- 
iature transistorized servo amplifier de- 
veloped for maximum system flexibility. 
Accompanying data includes average me- 
chanical and electrical characteristics, block 
schematic, and physical dimensions. 
(128) CYCLING DRIVE UNIT. Cycle- 
Dynamics, Inc. Bulletin CD-557, 12 pp. 
Covers the operation and application of 
an electromagnetic cycling drive unit that 
may be controlled by any low-current 
switching circuit signal. Selection charts 
are based on horsepower, transmitted load, 
maximum pickup torque, and rate of 
acceleration. 

(129) RESISTORS AND NETWORKS. 
General Resistance, Inc. Catalog, 8 pp. 
Covers in detail a complete line of custom- 
made, wire-wound, encapsulated resistors 
and rugged, hermetically-sealed resistor net- 
works. Incorporated are several charts 
and graphs on wattage derating and tem- 
perature coefficients. 

(130) HIGH-VACUUM ACCESSORIES. 
Consolidated Electrodynamics Corp. Bul- 
letin 10-1, 28 pp. Valves for high-vacuum 
service, baffles, and traps are described and 
illustrated in this new bulletin. It also 
provides a valve selection guide to aid the 
designer 

(131) ANOTHER COMPUTER APPLI- 
CATION. ElectroData Div. of Burroughs 
Corp. Bulletin 5-04-110, 12 pp. “Cut 
and Fill” is the title of this new brochure. 
It details the volume computations re- 
quired to build a road, 7 shows how 
data from a field office is fed to the com- 
puter and how accurate computations are 
printed out for the engineer in a matter of 
minutes. 

132) SHAFT-ANGLE CONVERTERS. 
Instrument Development Laboratories, 
Inc. Folder, 4 pp. Briefly describes the 
company’s line of binary decimal coding 
devices and follows up with a discussion 
of important design features and perform 
ance data. Last page gives specifications 
and dimensions 

(133) SPEC CHART. Industro Transistor 
Corp. Chart, 4 pp. Presents, in easy to 
read form, the complete specifications on 
all the germanium junction-alloy type 
transistors that this company furnishes. 
Included in the chart is an interchange- 
ability guide that permits the user to tell 
at a glance which type members are com- 
parable. 

134) SWITCH CATALOG. Centralab. 
Div. of Glove-Union, Inc. Catalog, 35 
pp. Provides complete specifications on 
rotary, slide, and’ lever switches capable 
of handling power from a kilowatt to a 
microwatt 

(135) VELOCITY TRANSDUCERS. 
Sanborne Co. Bulletin, 4 pp. Provides a 
table showing the principle characteristics 
of a new line of linear velocity trans- 
ducers. Operating principles are discussed 
and line drawings used to illustrate out- 
put circuit and performance. Last page 
carries a price list on the company’s stand- 
ard line. 

(136) DIGITAL VOLTMETER APPLI- 
CATION. Non-Linear Systems, Inc. 
Booklet, 28 pp. Covers a full line of digi- 
tal voltmeters, digital ohmmeters, ac-dc 
converters, and complete data logging sys- 
tems. Charts, diagrams, and photos are 
included. 





DEGREES MEAN DOLLARS 


Partlow’s “pinpoint control” 


of degrees saves 


processing dollars 


Partlow Controls are protecting materials 
and equipment in more and more processing 
operations where maintenance of accurate 
temperatures is vital. 





Available in recording, indicating and non- 
indicating models, they provide positive, pre- 
Partlow Temperature < 3 

i a cise temperature control for processes using 
Indicating Control y ? 
either gas, oil, steam or water valves, or elec- 


trical equipment. 


Partlow Controls have a reputation for 
dependability and long life. Actuated by mer- 
cury, they are ruggedly built to withstand 
shock and vibration without loss of accuracy. 
Many have been in service for 20 years or 
more. 


Available in ten scale and element ranges, 
from —30°F. to 1100°F. 


Tell your process problems to Partlow. Our 
Engineers will gladly work with you. 


\ 
—e artlow 
Partlow Temperature 
Recording Control 
THE PIONEER IN MERCURY THERMAL CONTROLS 


MAIL THIS COUPON TODAY 


THE PARTLOW CORPORATION 
Dept. C-1257,2 Campion Road, New Hartford, N.Y. 


We are interested in Partlow Controls for the following applications: 








[] Have representative call. [] Send us data on Parlow Controls suit- 


able for applications described above. 
Company 
St. & No... 
City 
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HEAVY DUTY 
D.C. SOLENOIDS 


MODEL SS 


VOLTAGES ... . (D.C. Only) 
6V. 12V. 24V. 32V. 


CURRENT DRAW ... (Pulling) 
50A. 30A. 17A. 7.5A. 


CURRENT DRAW . (Holding) 
1.7A. .95A. .28A. .25A. 


DUTY........ Continuous 


CYCLES . . Not to exceed 6 
per minute 


PULL .. Approximately 10 Ibs. 
over 2" stroke 


WEIGHT 


MODEL SD 


VOLTAGES... . (D.C. Only) 
12V. 24V. 32V. 115V. 


CURRENT DRAW .. . (Pulling) 
3I1A. 26A. 16A. 3.6A. 


CURRENT DRAW . (Holding) 
0A. .31A. .19A. .O7A. 


DUTY....... . Continuous 
CYCLES . . Not to exceed 6 


per minute 


PULL. . Approximately 10 Ibs. 
over 12” stroke 


WEIGHT 4 pounds 


SYNCHRO-START PRODUCTS, INC. 


8151°N. RIDGEWAY AVE., SKOKIE, ILLINOIS 


new from trio... 
build-in miniature 
phase-sensitive 
AC VTVMs 


for building into military & industri 
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APPLICATION 
LITERATURE 


SATURABLE POWER REACTORS. 
Wheelco Instruments Div., Barber-Colman 
Co., Rockford, Ill. Bulletin F-8383, 32 
pp. Called an “Application Guide for 
Saturable Power Reactors”, this handy 
booklet leads off with a short discussion of 
the advantages of saturable reactor control 
systems, and their increased applications 
since the advent of low-cost alloy steels 
with relatively good hysteresis loops. Next, 


ae 


SATURABLE 


ao |= 
an 
ren, EJ 


POWER 
( o— REACTORS 
ea (0) ame) 
fail 3) 

BARBER-COLMAN COMPANY 


on | SOCKFOND, MAMEOH, 5. 4 


it describes five different load types with 
which these reactors may be used. Curves 
in Figure 1 represent load current and 
power vs. load resistan hang 

Sizing techniques are then considered, 
relevant sections overig ingle and 
three-phase types Other selection data 
refers to the use of silicon carbide ele 
ments. Minimum turndown and _ pilot 
characteristics are a ompanied by a page 
of reactor formulas. Circuit diagrams show 
typical applications. No charg 


INDUSTRIAL pH SYSTEMS Beck 
man/Process Instruments Div., 2500 Ful 
lerton Road, Fullerton, Calif. The Indus 
trial pH Handbook, 80 pp Compiled 
and edited by Thomas J. Kehoe, appliga 
tion engineering supervisor, this handbook 
provides perhaps the most complete in 
formation available about industrial pH 


Profusely illustrated with photos, line draw 
ings, graphs, and wiring diagrams, the 
book begins with a general review of the 
basic theory of pH, then goes into avail- 
able equipment, and finally into some 
typical industrial systems 

Sections on engineering, installations, 





and maintenance, as well as an extensive 
bibhography in Appendix Section D, con 


5 


tribute to the usefulness. Price, $2 


COMPUTER BIBLIOGRAPHY. Kem- 
ington Rand Div., Sperry Rand Corp., 
315 Fourth Ave., New York 10. “Large 
Scale Digital Computers—A General Bib- 
liography” This plastic-bound, 48-page 
booklet covers both books and articles 
Many entries are accompanied by a short 
but meaty review. Section I, dealing with 
the theory and operation of computers, 


divides books and articles into two cate 
gories: “for the layman” and “relatively 
technical The next section, “What 
Large Scale Digital Computers Can Do”, 
covers applications Articles on automa 
tion, business management, and various 
phases of engineering are listed here 
Sections III and IV treat special subjects 
not covered by the earlier sections and list 
periodicals devoted to phases of comput 
ing or related techniques. No charge 


SERVO COMPONENTS Mechatrol 
Div., Servomechanisms, Inc., 625 Main St., 
Westbury, L. I., N. Y. Catalog, 52 pp. 
While this booklet must be classed with 
product catalogs, it certainly contains a 
wealth of general information on servo 
systems It presents the company’s de- 


velopment apparatus theory near the front 
(page 7), then tells how techmiques for 
designing and applying servos are greatly 
simplified with an experimental and lab 
oratory servo. Pages 10 and 11 present 
a huge wiring circuit for this experimental 
servo. ‘There is also a section on appli 
ation data, and one on actuators. Order 
ing specs and a parts listing should save 
the designer some time. No charge. 
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=Valeotial=1-)dlale Mm ilaal— 
HEATH Electronic Analog Computer Kut 


n the college classroom, :or on 
> job’ in-ir jugry, the Heathkit 
Analog Computer solves physical 

mechanical S by 


ic. simulation 


ns. Full kit $945°° 


such features a 


© 30 coefficient potentiometers, each capable of being set with extreme accuracy. 

e 15 amplifiers using etched-metal circuit boards for quick assembly and stable 
operation. 

¢ A nulling meter for accurate setting of computer voltages 

e A unique patch-board panel which enables the operator to “see"' his computer 
block layout. 
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Save money with HEATHKITS 


Now for the first time, 


vork-saving Computer neec 


irself and save hundreds 


FREE CATALOG also available 
ng test equipment, ham gear, and hi-f 
equipment in kit form. Write for your 
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HEATH COMPANY > 
A Subsidiaty of Daystrom Inc, 
BENTON HARBOR 36, MICH. 


folder, available free! 





DECEMBER 1957 


Get the complete computer © ~ 
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WHAT’S NEW 
(Continued from page 54 
expenses was not income within the 
r% meaning of Section 22 of the Internal 


Revenue Code of 1939, and that even 

Hs if it were income, it could not be 

to meet all military taken as an expense deduction as pro- 

vided by Section 23 of the code. He 

> [ then granted full recovery of taxes 
environmenta specs. paid to the IRS with interest. 

: Attorneys said the decision affects 

G-M specializes in the design and manufacture only the moving expenses paid to 

of servo motors for military uses. Readily avail- “new hires”. In other words, it does 

able, both in standard sizes and as special units, not affect those employees who are 

these precision-built motors meet all military transferred from one city to another 

specifications for altitude, high and low temper- by the same firm. Both the IR code 

atures, vibration and shock, humidity and salt aud past court decisions have estab- 

spray. lished that moving-cost payments to 


the latter are deductible. 





New Companies in the Field 


\ \ WW ve Fairchild Semi-Conductors Corp., 
a ) formed by a group of research men 
J k | L from about ten companies in and 


for G-M charts, specifi- manufactured by the Components Division of around the control field, to develop 
cations and performance and manufacture silicon diffused tran- 
G-M LABORATORIES INC. ; 
Ce Sn “> sistors and related components—in 
urse, + “ “¢ e 
" 4340 N. Knox Avenue + Chicago 41 Palo Alto, Calif. Sponsor is Fairchild 


Camera & Instrument Corp., whose 
H. E. Hale becomes president of the 
new concern. Hale is a Fairchild vice- 
president and general manager of its 
Components Div. Heading the con- 
tingent of new Fairchild men_ is 
Robert Noyce, who comes from the 
Research Div. of Philco Corp. The 
names of his associates and _ their 
former affiliations are: Sheldon C. 
Roberts, Dow Chemical Co.; Victor 
H. Grinich, Stanford Research In- 
stitute; Jean A. Hoerni, Cal Tech; 
Jav ‘IT. Last, Eastman Kodak: Gordon 
E.. Moore, Johns Hopkins University’s 
Applied Physics Laboratory; and 
Julius Blank and Eugene Kleiner, 
Western Electric. First products from 
the autonomous concern are expected 
. to include a high-speed computer 
rel a Systems Reliability transistor and other transistors for vhf 
power oscillators, vhf amplifiers, and 
very high power applications at lower 

Phillips relays are advanced-design sub- “ot 
Ty acnd ‘gitts the wiki. igita | quipment Corp., organ- 
PHILLIPS miniatures pro , 2 ized by two former members of MIT’s 
lous care required for service under Lincoln Laboratory to provide com- 
SUB- severe conditions. Combining depend- puter makers with specialized testing 
ability, compactness, lightness and equipment—in Maynard, Mass. Ap- 
MINIATURE ruggedness. Proven by years of appli- plication of transistors to this equip- 
cotins Wiis tee Gineaties on ieee ment will be one of the chief areas to 
RELAYS — : ; be exploited, say founders Kenneth 
and other relays, available in a perma- H. Olsen, DEC president, and Harlan 
nent, three ring binder. EK. Anderson, vice-president. “‘Spe- 
NI cifically,” adds Olsen, “we plan to 

















make new transistorized equi yment 

Phillips Control Corporation, Joliet, Ilimois — an acticd PAPER CORPORATION ble of 1 : iston i 
“ g o > > 
SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA Capable OF handling >» megapulses ng 
MONICA - WASHINGTON - WINSTON SALEM- CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT second—several times faster than the 
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ordinary type now in use—while also 
providing the advantages of transistors 
in space and power requirements and 
reliability.” Fast delivery is another 
objective of the new company, which 
was launched with the help of Ameri- 
can Research & Development Corp., 
a Boston investment firm. 

American Measurement & Control, 
Inc., a new component maker organ- 
ized by the former senior vice-presi- 
dent for engineering and manufactur- 
ing of Midwestern Instruments—in 
Waltham, Mass. Donald O’Brien, 
the ex-Midwestern man, is president 
and chairman of the board. 

Perkin-Elmer, Ltd., a British manu- 
facturing and R&D subsidiary of 
Perkin-Elmer Corp.—in Beaconsfield, 
London, England. First product will 
be P-E’s new Infracord spectrophoto- 
meter, an infrared instrument. Man- 
aging director of this third European 
subsidiary for P-E is A. R. Gilson, 
formerly executive director of the 
University Chemical Laboratories, 
Cambridge University. A fourth, and 
even newer subsidiary is Perkin-Elmer 
(Canada) Ltd., of Quebec, Canadian 
sales and service arm of the P-E In 
strument Div. 


New Divisions and Groups 


An Electronic Computer Dept., 
formed by Tidewater Oil Co. under 
veteran reactor specialist Herbert F. 
Lindsay (he helped set up the elec- 
tronic controls for the first full-scale 
nuclear reactor at Hanford, Wash.). 
Business-data processing, though con 
templated by the new department, will 
take a back seat for the time being. 
On tap immediately: analysis of such 
operational problems as selection of 
crude oils, gasoline blending, and prod- 
uct distribution and marketing. Lind 
say, who comes to the new depart 
ment from the Sacramento (Calif.) 
Air Material Area, will share respon- 
sibilities with these other key men: 
John W. Bishop, senior operations 
analyst; Harold J. Maddock, opera- 
tions analyst; Justin B. Murrish, elec- 
tronic data processing analyst, and 
Werner W. Leutert, mathematician. 

A Computation Consulting & Serv- 
ice Bureau, to round out the. work 
being done by the Ramo-Wooldridge 
Digital Computing Center. The three- 
year-old center is headed by Walter 
F. Bauer, whose 140 applied mathe- 
maticians, numerical analysts, pro- 
grammers, operators, and _ other 
trained personnel do the computing 
and math work for high-priority intra- 
corporation projects. The new bureau 
will furnish the same type of service 
to outside businesses and industries. 

A Computer Applications Labora- 


W&T 
PRECISION 
DIAL 
MANOMETER 
FA-145 


ACCURACY 
0.1% 


PRECISION PRESSURE Measurement 


of Gauge, Vacuum or Differential Pressures 
on Pneumatic Systems 


Accuracy: 
Sensitivity: 
Ranges: 


Scale Length: 
Dial Size: 


1/1000 of full scale 
1/10,000 in all ranges 


0 to 120 inches of water (min.) 
0 to 300 inches of mercury ( max.) 
Other intermediate ranges available 


45 inch scale in two revolutions 
82 inches 


Write for Publication No. TP-30-A 
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= WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


In Canada, Wallace & Tiernan, Ltd. — Toronto A-109 





HOW TO DETECT 
3 PARTS CHLORINE 
IN A MILLION PARTS AIR 





New W&T Solvay Chlorine Detector* 
detects as little as 3 p.p.m. 
chlorine in a continuous air-stream 
sample. Automatically sets off 
alarm at higher concentrations. 


Write for Publication 50.118 





WALLACE & TIERNAN 


INCORPORATED 
25 MAIN ST., BELLEVILLE 9, N. J. 


*Manufactured under patent license from Solvay Process Div., Allied Chemical & Dye Corp. 
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This is a 
photosensitive 


resistor. ee actual size 


It's called a Kodak Ektron Detector, the photosen- 
sitive substance is lead sulfide, and it can be laid 
down in any pattern. 


®@ Signal response extends 





from 0.25 microns in the ultra- 
violet to 3.5 microns in the in- 
frared with maximum sensitiv- SEER 
ity at 2.2 micronsin the infrared. Mg. Gg 


. z 2xI@ohms 2xl0'ohms 2x10’ohms | 
@ They are available in com- : -— 








plex and exact arrays and 
mosaics. 

@ Signal-to-noise ratio is excellent, particularly in the infrared. 
®@ Vibration doesn't affect them. 


@ Elements can be extremely small in size. 


To get the details on Kodak Ektron Detectors, write for a 
free bookiet to: Military and Special Products Sales, 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 
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Franklin 
Model 310A 
Digitizer 


In the laboratory or on the production line, this all electronic, multipurpose 
digitizer is ideal for use as an analog to digital converter, voltmeter or data 
reduction element. Measuring voltages from 000.0-120.0 volts DC, it pro- 
vides accuracy of 0.1% of full scale and speed of 60 readings per second, 
automatically or on command .. . heretofore unobtainable at this low cost. 
Coded outputs of each significant figure in the visual readout provide a signal 
source to operate matrices, printers, punches, or categorizing equipment. 
Also available—special DC amplifiers which convert very low voltages 
(microvolt ranges) to levels useable by the Model 310A Digitizer . 


F(] Franklin Electronics, Ine. 


BRIDGEPORT, PA. 


tlectontt & Nuclear Developme 
& Mauufacliwung 
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WHAT’S NEW 


torv for General Electric, whose cus- 
tomers can expect the same kind of 
services that are planned by the new 
R-W unit (see item above), plus one 
that R-W has perhaps not scheduled: 
personnel training. The 70 specialists, 
and their IBM 704 computer, all 
part of GE’s Computer Dept. in 
Phoenix, Ariz., will be under the di- 
rection of Herbert R. J. Grosch. 

A Communications Div. under Eric 
C. Butt, who leaves as works manager 
for Topp Mfg. Co.’s four Los Angeles 
plants to manage the new ‘Topp facil- 
ity. The division will design and 
manufacture nonmilitary aircraft com 
munication and navigation devices 
and commercial ground station traffic 
control equipment. 

An International Industrial Devel- 
opment Center, to complement Stan- 
ford Research Institute’s world-wide 
applied research work, which has been 
going on since 1950. The new arm 
will concentrate on practical prob- 
lems, particularly those affecting de 
velopment of economies, industries, 
agricultures, and trades, and those 
dealing with the expansion of pri 
vately financed economic activities in 
the western world. Two projects al 
ready under way: a study of the factors 
influencing the environment for 
foreign investment capital in several 
Latin American countries; a study of 
potential production uses for blocked 
funds held in various countries 

A Computer Products Div., a new 
facility for Laboratory for Electronics 
manned by the top-level LEE per 
sonnel who worked on a large-scale 
DIANA computer for The Chase- 
Manhattan Bank. The name seems to 
be the only thing that is really new 
about the division, which will market 
the data-processing components, espe- 
cially magnetic file drums, developed 
during its staff's five-year assignment 
to the bank, and work on bulk data- 
storage techniques for industry and 
the government. General manager of 
the new division is R. C. Kelner. 
(This particular DIANA, incidentally, 
never went to the bank; British ‘Tabu- 
lating Machine Co., Ltd., of England, 
got it instead.) 

A Hydraulics Div. for Textron’s 
Dalmo Victor Co., to engineer, manu 
facture, and sell electrohydraulic servo 
valves, rotary and linear actuators, 
pumps, hydraulic tuners, etc. Man- 
ager is R. J. Stahl, formerly assistant 
to the president. 


Smallest Annual Award 


Miniature Precision Bearings has set up an 
annual Miniaturization Award 
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(otis Electronics and Con- 
trol Engineers find these impor- 
tant technical books indispensable 
to a field so dynamic that even 
specialists can hardly keep up! 


How many of the books shown 
here do you wish you had imme- 
diately at hand? We invite you to 
take one AS A GIFT and one as 
your first selection ... your intro- 
duction to a technical reading 
program that cannot fail to be of 
value to you 


The McGraw-Hill Electronics and 
Control Engineers’ Book Club was 
organized for engineers like your- 
self to bring to your attention 
outstanding books in your field 
that you might otherwise miss. 
The twelve books shown above 
suggest the quality of the volumes 
that will be made available to 
you. And you may obtain any or 
all selections at substantial sav- 
ings. 


How the Club operates. The Club 
will describe all forthcoming se- 
lections to you. Every second 
month you will receive the Elec- 
tronics and Control Engineers’ 
Book Club Bulletin. This gives 
complete advance notice of the 
next main selection as well as a 
mumber of alternate selections. 


“Vea 


why oil you hesitate f 


‘Take any One 


All books are chosen by editors 
of the McGraw-Hill Book Com- 
pany whose thoroughgoing under- 
standing of the standards and 
values of technical literature will 
be your guarantee of the authori- 
tativeness of the selections. 


From this point on, the choice is 
yours. If you want the main selec- 
tion you do nothing; the book will 
be mailed to you. If you want an 
alternate selection or if you want 
no book at all for that two-month 
period, you notify the Club by 
returning the form and postage- 
paid envelope enclosed with your 
Bulletin. 


We ask you to agree only to the 
purchase of three books a year. 
Certainly out of the large number 
of books in your field offered you 
in any twelve months there will 
be at least three you would buy 
in any case. By joining the Club 
you will save, in cost, about 15 
percent from the publishers’ 
prices. 


It’s up to you. Reach for your pen 
right now and fill out the coupon. 
You need send no money now. 
Remember, by taking advantage 
of this special introductory offer 
you will receive absolutely FREE 
any one of these books, together 
with your first selection—at the 
special club price. 


So while this offer is in effect, 
put your application form in the 
mail today! 


OF THESE BOOKS 


FREE 


with membership in 
McGraw-Hill’s Book Club for 


Electronics and Control 
Engineers 








MAIL ENTIRE COUPON TO: 


The McGraw-Hill Electronics and Control Engineers’ Book Club 
330 West 42nd Street, New York 36, N. Y. P. O. Box 97 


Please enroll me as a new member of the Electronics and Control 
Engineers’ Book Club. I am to receive FREE the book I have indicated 
along with my first selection checked below. You will bill me for my 
first selection only at the special club price, plus a few additional cents 
for postage and handling. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me in advance 
and I may decline any book. I need take only 3 selections or alternates 
in 12 morths of membership. 


©) Pulse and Digital Circuits by 
Jacob Millman, Professor of Elec- 
trical Engineering, Columbia 
University and Herbert Taub, 
Associate Professor of Electrical 
gee eg The City College of 
York. Publisher’s Price, 
$1250. Club Price, $10.60 
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Carroll, Associate Editor, 
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C Transistors in Radio and Tele- 
vision by Milton S. Kiver, Author 
of Color Television Fundamentals. 
Publisher’s Price, $6.50. Club 
Price, $5.50 


C Electronic one Radio Engineer. 
ing, 4th Ed., ‘rederick E. Ter 
man, Dean, School of Tnginesring. 


Stanford University Publisher's 
Contracts, Specifications and Price, $13.50. Club Price, $11.50 
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by Daniel W. Mead, tten by 1) Analog Computer Techniques 
the Staff of Mead and Hunt, Inc., by Clarence L. Johnson, Captain, 
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© Random Processes in Auto- 
matic Control by .. Halcombe 
Laning, Jr., Deput Associate 
Director and Ric mara H. Battin, 
ag 2 Director, Instrumenta- 
ion ratory, Massachusetts 
Institute of Technology. Pub- 


Introduction te 
nalysis by F. D. Hildebrand, 
Associate Professor of Mathe- 
5, Massachusetts Institute of 
Technology. Publisher’s Price, 
$8.50. Club Price, $7.25. 
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WHAT'S NEW 


IMPORTANT MOVES BY KEY PEOPLE 


Head Product, Development 
Work at Consolidated Electro 


Consolidated Electrodynamics has 
two new chief engineers, one for prod- 
ucts and the other for developments. 
They are: Francis T. Greenup, form- 
erly assistant chief product engineer, 
who succeeds Armand F. Dufresne, 
recently named chief engineer for the 
Analytical & Control Instruments 
Div.; and Herbert I. Chambers, 
assistant chief development engineer 
since 1956 and before that super- 
visor of electromechanical develop- 
ment. Greenup joined the company 
in 1955 as chief design engineer, 
Chambers in 1954 as a development 
engineer. Both came with previous 
design and development experience. 


Allen Du Mont Names Two 
Technical Products Executives 


Two appointments by Allen B. Du 
Mont Laboratories, Inc., involving 
technical products spotlight Frederick 
H. Guterman, named general man- 
ager of the Technical Products Div., 
and William G. Fockler, named man 
ager of technical products. Guterman, 
who comes from American Bosch 
Arma Corp., where he was assistant 
to the vice-president for sales and 
planning, succeeds Irving G. Rosen- 
berg, who has resigned. Fockler takes 
the post vacated by Arthur J. Tala- 
mini, who has joined Electro-Tec. He 
came to Du Mont in 1945 and most 
recently was assistant engineering 
manager of the Technical Products 
Div. 


MIT’s G.E. Valley Named 
Air Force’s Chief Scientist 


George E. Valley, the new chief 
scientist of the Air Force, comes from 
MIT, where he has been a full pro 
fessor of’ physics and since 1949 a 
guiding light behind the Lincoln Lab- 
oratory. He succeeds Courtland D. 
Perkins, who returns to Princeton as 
chairman of the Aeronautical Engi 
neering Dept. Valley has been on the 
education side of engineering since 
1936, when he left Bausch & Lomb 
to take a teaching assistantship at the 
University of Rochester. He joined 
MIT in the Radiation Laboratory dur- 
ing the war and became assistant pro- 
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fessor of physics in 1946. Since 1953 


he has been an associate director of 


. the Lincoln Laboratory. He holds the 
' President’s Certificate of Merit. 


‘ Two Jet Propulsion Experts 
i Leave Cal Tech for Clary 


Frank G. Denison and John Dill 
McKenney, authorities on guided mis- 


* siles and rockets who have been as- 


sociated with Cal Tech’s Jet Propul- 


; sion Laboratory, have joined Clary 
: Dynamics, the aircraft and automatic 


controls arm of Clary Corp. (CtE, 
Nov., p. 188). Denison, who comes 
as director of R&D, was director of 
a weapons systems development pro- 
gram in the Cal Tech laboratory and 
chief of its design and development 
section. McKenney, named principal 
engineer in the R&D section at Clary, 
was chief of the industrial planning 
section of the Cal Tech laboratory. 


Other Important Moves 


P Three new Ramo-Wooldridge 
vice-presidents are Ruben F. Mettler, 
associate director of the Guided Mis- 
sile Research Div.; Burton F. Miller, 


H. I. Chambers 


W. G. Fockler 


F. G. Denison 


director of the Communications Div., 
and Milton E. Mohr, group director 
of the Control Systems and the Bos- 
ton divisions. Mettler, director of the 
Thor missile program, has been with 
R-W since 1955. Miller has held his 
present position since 1954. Mohr 
took over the Control Systems Div. in 
1954 and the Boston Div. in April 
of this year. All three men hold doc- 
torates. 

> Farnsworth Electronic’s new di- 
rector of R&D is C. D. W. Thornton, 
who has been director of research of 
this IT&T division since 1956. He 
came to the company earlier that year 
from the U. S. Atomic Energy Com 
mission, where he had been chief of 
the Office of Operations Analysis & 
Planning. 

> Bernard I. Spinrad has been pro- 
moted to director of the Reactor En- 
gineering Div. at Argonne National 
Laboratory, succeeding the late Arthur 
H. Bames. Spinrad, just 33, is a spe- 
cialist in reactor physics. He came to 
the laboratory in 1949 and most re- 
cently was associate director of the 
RE division. Concurrent with Spin- 
rad’s promotion is the appointment 
to the laboratory's Radiological 
Physics Div. of Paul K. Kuroda, a 


F. H. Guterman 


J. D. McKenney 
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Here A. E. Sibley (right), Data Systems and Automation section head, discusses new methods of applying digital conversion equipment 
to a high speed plotting problem with C. M. Wimberley (center), Programming and Mathematical Analysis group leader, and 
E. K. Fisher, Manager of the Data Services and Mathematics Department. In rear: Electronics Specialist F. A. Alvina operates a recently 
developed high speed data conversion system producing 704 computer tape directly from originally recorded telemetering tape. 


Lockheed Missile Systems announces new positions in 





















DATA PRCCESSING AND ANALYSIS 


fi Few areas of missile systems technology equal automatic 

data processing and analysis in the need for continuing advances. 
At Lockheed Missile Systems, a major effort is underway in 
these fields. Emphasis is on new methods and approaches in all 
phases of automatic data conversion, processing and analysis. 


PALO ALT 
/ 32 MILES FROM 
SAN FRANCISC 


. . - *.* — YNY VALE 
This expanding program has created a number of new positions for <_ 38 MILES FROM 

: . . ; » mn ° ° SAN FR < A SAN FRANCIS( 
engineers and scientists in areas of flight test analysis, flight test data - ek " 
processing, mathematical analysis and automatic data conversion. : SUNNYVALE XS> SANTA CRUZ 


TEST BASE 
50 MILES FROM 
SAN FRANCISCO 


“ : J SANT 
Assignments are of a most advanced nature and include: : cio mane 


= Flight Test Data Analysis 

New methods of analyzing reduced data and technical reporting in fields 
of aerodynamics, propulsion, guidance, telemetry, dynamics, environ- 
mental testing and behavior of ballistic and non-ballistic missiles. 

® Flight Test Data Processing 

Developing new methods of processing, making maximum use of 
automatic equipment. 


> VAN NUYS— 
2 MILES FROM 
S ANGELES 


VAN NUYS 


LOS ANGELES 


s Mathematical Analysis 
Utilizing IBM 704 and 650 digital computers on advanced data 
processing, celestial mechanics, thermodynamics, flight controls and 
aerodynamics. New approaches to complex problems are stressed. wy MA 

; UMMC MISSILE SYSTEMS 
# Automatic Data Conversion CGe 
Developing new procedures and systems of electronic and 
electromechanical equipment to reduce human operations and 
decisions to a minimum and to convert large amounts of data into 
optimum form for advanced analysis. 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


Positions are open through supervisory levels. Those possessing : VAN NUYS * PALO ALTO « SUNNYVALE 
a high level of ability and interest in these growing fields are . 
invited to address the Research and Development Staff . , CALIFORNIA 


at Sunnyvale 15, California. 
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Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 

and Power Line Carrier — 


The Model 1025 Tele- 
meter Transmitter con- 
verts DC mv from thermal 


Accurate converters, etc., to 10-30 
HIGH-SPEED cps which frequency mod- 


ulates a built-in audio tone 


Continuous channel. AC 10 to 30 cps 


or relay outputs are also 

Telemeter available. Receiver detects 

and demodulates transmit- 

for ted signal, generating a 

DC mv for operation of 

VOLTS _ recorders or indicating in- 

AMPS struments. Up to 45 tele- 

WATTS | meters can be multiplexed. 

Any communication 

VARS link, including power line 

ETC. carrier, microwave or wire 
line may be used. 

ad Over-all accuracy is 1% 

— : with a response speed of 1 

Built- in second. Equipment fea- 

tures a built-in calibration 

Self- circuit for 10% and 90% 

7 io receiver check, and 10 cps 

Calibrating and 30 cps transmitter 

“ . check. 

Circuit Any quantity which may 

be converted into a DC 

millivoltage or will oper- 

e ate a slidewire may be tel- 

emetered. 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 
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native of the Japanese island of 
Fukoka. Kuroda, whose title will be 
associate chemist, has taught chem- 
istrv at Tokyo Imperial University and 
at the University of Arkansas, Fayette 
ville, Ark. He has written about 75 
technical papers, 50 published in 
Japan and 25 in the U. S. 

> David D. Coffin, manager of the 
Missile Systems Div., and Thomas H. 
Johnson, manager of the Research 
Div., are new vice-presidents of Ray- 
theon Mfg. Co. Coffin joined Ray- 
theon in 1934 and took over his divi- 
sion in 1951. Johnson came to the 
company last October from the AEC, 
where he was director of the research 
program in the physical sciences. Be- 
fore that he was chairman of the 
Physics Dept. at Brookhaven National 
Laboratorv. 

> Additions have been made to the 
senior technical staff of the new Con- 
trol Data Corp. (CtE, Nov., p. 182). 
Like CDC President William C. Nor- 
ris, all of the five men just named 
have had previous experience with 
Remington-Rand’s Univac Div. In 
addition, some of them worked with 
Norris at Engineering Research As 
sociates, which he helped found. The 
five are: William R. Keye, who be 
comes associate director of engineer- 
ing; Robert L. Perkins, who will over- 
see advanced mechanical design: 
Howard Shekels, who will be in charge 
of logical design and advanced cir- 
cuitry; and Robert N. Kisch and Sey- 
mour R, Gray. 

> Robert W. Graham, the new syvs- 
tems sales engineer for Midwestern 
Instruments, comes to the Tulsa, 
Okla., company from General Elec- 
tric, where he had experience in elec- 
tronic design and in supervisory en- 
gineering work. His specific area at 
GE was the Data Processing Equip- 
ment Operation, which he managed. 

P David R. Miller, named manager 
of the Computer Systems Laboratory 
of Colorado Research Corp., most 
recently was with Beckman’s Berkeley 
Div. He has also been associated with 
Bendix Aviation and the Denver Re- 
search Institute. At Colorado Re- 
search, Miller will be in charge of the 
design of analog computers. 

P Figuring in recent appointments 
by the Topp Mfg. division of Topp 
Industries, Inc., are Edward Hoffart, 
named chief engineer, and Robert Lee 
Baddorf, promoted to technical assist- 
ant to the president. Hoffart, who 
succeeds Baddorf, was a project engi- 
neer at Servomechanisms, Inc., and 
chief engineer for Fairchild Controls 


Corp. before joining Topp earlier this 
year. Baddorf, another former Servo- 
mechanisms man, served as chief en- 
gineer and works manager of its Me- 
chatrol Div. Prior to that he was chief 
engineer and general manager of Alec- 
tro, Inc. 

General Precision Equipment 
Corp. seems to have squared things 
with Raymond L. Garman, technical 
director of the subsidiary General 
Precision Laboratory, who recently 
rose from executive vice-president of 
GPL to chairman of the board. The 
promotion jacked up Garman on one 
side only—the administrative one— 
leaving him looking at his technical 
responsibilities on a sort of bias. The 
latest news from GPE, however, in- 
dicates that Garman has been righted: 
he is no longer technical director, but 
is now vice-president for engineering 
and research, with overall direction, 
at the policy level, of the E&R activi- 
ties of all the companies in the GPE 
group. There is a new president ard 
chief executive officer at GPL, too. 
He is James W. Murray, who leaves 
the post of executive vice-president, 
but continues as general manager. 

>» George V. Mueller, for 32 vears 
a professor of electrical engineering at 
Purdue University, has gone into in 
dustry as a development engineer with 
Robbins & Myers, Inc., electric motor 
manufacturer of Springfield, Ohio. He 
will be associated with a computer 
program for motor design. Mueller 
is author of two books and numerous 
technical articles. 

> P. R. Perino, formerly head of in- 
strument engineering for Aerojet- 
General Corp., and before that a prov- 
ing-ground instrumentation man with 
Phillips Petroleum Co., has joined 
Allegany Instrument Co. as a project 
engineer. 

> IBM has elevated Ralph G. Mork 
from manager of components and spe- 
cial development projects at its Prod- 
uct Development Laboratory to di- 
rector of experimental development. 
He will be in charge of planning and 
directing IBM’s program of research 
for its four overseas laboratories. 

> National Research Corp. has 
picked a new director for its Mechani- 
cal Engineering Dept. He is John S. 
Light, formerly chief engineer for 
Bird Machine Co., where he worked 
on high-speed centrifugal force ma- 
chinery, vacuum pressure vessels, fur- 
naces and plastics, and glass fabricating 
techniques. 

» The new chief engineer for the 
Central Engineering Div. of Airpax 





Products Co. is Cliff N. Williamson, 
who comes to the Fort Lauderdale, 
Fla., division from Baltimore, where 
he was in charge of the company’s 
Magmeter frequency detectors. Be- 
fore that he was senior vibrator en- 
gineer for Airpax at Cambridge, Md. 

P Hycon Mfg. Co. has appointed 
O. H. Mackley, manager of Hycon 
Electronics, Inc., since last March, 
vice-president and general manager 
of the test-equipment manufacturing 
subsidiary. He came to the Hycon 
companies last March from RCA, 
where for 18 years he held a number 
of key engineering and administrative 
positions. Among them: manager of 
the Middle East & Africa Interna 
tional Div., domestic manager of com- 
munications and microwave for the 
western states. 

> Vermon L. Haag, who has held 
top management and engineering posts 
with Aerovox Corp., Sperry Gyro 
scope, Crosley Radio, Elgin Watch 
Co., and most recently Gray Mfg. 
Corp., has joined Farnsworth Elec- 
tronics Co. as vice-president for mis 
sile test equipment. At Gray he was 
vice-president for engineering and 
manufacturing operations. 

> Emest R. Freeberg, formerly 
chief engineer of Eagle Signal Corp. 
and its chief executive officer since 
last March, has been elected presi- 
dent and general manager of both 
Eagle and its Hagen Mfg. Co., Inc 

> Kenneth H. Meyer, who joined 
C. B. Hunt & Son, inc., in 1954 as 
assistant chief engineer, has been 
named director of engineering for this 
Salem, Ohio maker of air and hy 
draulic control valves and pressure de 
vices. Before coming to Hunt, Meyer 
was senior development and _ project 
engineer for Goodyear Aircraft Corp. 

> Richard T. Orth, who has been 
vice-president and general manager 
of the tube divisions of both West- 
inghouse and RCA, has been named 
vice-president for planning bv San- 
ders Associates, Inc., Nashua, N. H. 
maker of electronic, electromechani 
cal, and hydraulic systems. 

> BJ Electronics’ new assistant chicf 
engineer for systems is Raymond 
Davis, who comes to the Borg-War- 
ner electronics center from The Ramo 
Wooldridge Corp., where he was a 


member of the technical staff in the 


Computer Systems Div. At BJ, Davis 
will also be staff assistant to the vice- 
president and general manager. 

> Thomas A. Edison Industries has 
promoted William H. Ballentine from 
assistant manager to manager of the 
Instrument Div., succeeding Henry G. 
Riter, who becomes executive vice- 
president of Edison Industries, an- 
other unit of McGraw-Edison. 

>John F. Nielsen, formerly man- 


Caledonia combines four functions in 
miniaturized, shock-resistant package. 


Electronics today is partly packaging 


PROBLEM: Design a small (50 cubic in.) 
| and light (3% Ibs.) unit that contains: 

1. a positive d.c. pulse selector 

2. a negative d.c. pulse selector 

3. a high level 60 cps band pass filter 

4. a 400 cps detector circuit 

(all with tight tolerances, naturally). 

Design it to operate within the usual 

military environmental conditions, in- 

cluding high vibration and shock. 

SOLUTION: We assembled the 

components shishkabob 

style. Then mounted the 


kabob in a metal case filled with an epoxy 
foam compound to hold the parts in a 
firm cushion. 


TIME ELAPSED: From original assign- 
ment, through design to volume produc- 
tion—two months. 


If such quick, dependable assistance in 
design and production can make your 
work more effective, we'll be glad to 
hear from you. We offer experience, 
good production facilities, and a recog- 
nized quality record. 


CALEDONIA 
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Dpt. CE-12, Caledonia, N.Y. ¢ In Canada: Hackbusch Electronics, Ltd., 23 Primrose Ave., Toronto 4, Ont. 
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Oscilloscope marker signals facilitate 
start and stop trigger level adjustment for time 
interval measurement of complex waveforms 
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Complete catalog data available 


OUTSTANDING FEATURES 


ndependent adjustable trigger level controls 
permitting full rated sensitivity at any 


(Ok 0 (fe: 
DIRECT READING 


Computer -Measurements 


NS 
Model 226A 
UNIVERSAL 
COUNTER- 
TIMER 


JUST 
OUT! 


300 voit s 


ncrements ordinarily masked 
by attenuators are easily Selected 
7 


REVISED 


Simplified color-coded controls and direct 
or mil 


sec ’ 
automatic decimal point indication SHORT- 


FORM 
CATALOG 
2 

Send For 
Your Copy 


Price: $1,100.00 


Computer-Measurements Corp, 
5528 Vineland Ave., N.Hollywood, Calif., Dept. 84-P 


Gc-29 


DECEMBER 1957 





TRANSISTORIZED 


FREQUENCY-to-VOLTAGE 
CONVERTERS 


MEASURE AND CONTROL: 
* Flow Rate ¢R.P.M. 
*® Power Frequency 


* Linear Speed | 





MODEL FR-302 
SUBMINIATURE 
CONVERTER 


oe ; Detects AC signals 
——s down to low amplitude 
& levels, converts to O—5 volt DC 
signal proportional to frequency 
within .2%, gives .25% long term 
stability with less than .002% per 
degree temperature coefficient. 








Compares power 

frequency with internal 

tuning fork reference, gives O—5 volts 
DC between 370 and 430 cps, with 
.05% overall accuracy under severe 
vibration and temperature conditions. 








20 standard modifications of the 
FR-300 series converters are 
available to suit every airborne 
and ground requirement. 














... covering flow 

rates from .065 

to 6000 GPM... 

are standard test- 

ing equipment in 

the newest mis- 

siles and aircraft, 

where the ultimate in reliability and 
accuracy are required. 
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ager of the Allen B. DuMont Trans- 
former Dept., heads ESC Corp.’s new 
Electronic Components Div., which 
will develop and manufacture specialty 
transformers and associated compo- 
nents. Before going to DuMont, 
Nielsen was chief engineer of Radio 
Music Corp. of Port Chester, N. Y., 
and head of the Audio Engineering 
Dept. of Warner Bros. He is a spe- 
cialist in the design of transformers, 
amplifiers, networks, and other elec- 
trical equipment. 

> E. William Place, formerly prod- 
uct manager for missile devices for 
Beckman & Whitley, Inc., of San 
Carlos, Calif., has been named man- 
ager of the Missile Products Div., one 
of two new B&W divisions formed 
as a result of a split-up of operations. 
The other: the Instrument Div., to 
be under the general managership of 
John C. Beckman, co-founder of the 
company. Place has held several im- 
portant positions with B&W since 
joining it in 1950. Among them: 
mechanical engineer, assistant chief 
engineer, manager of subcontracts, 
and sales and engineering manager 
of the Guided Missile Products Dept. 

> Edwin C. Wiegmann, chief engi- 
neer of Royson Engineering of Hat- 
boro, Pa., has expanded his duties to 
include a vice-presidency. His move 
into a wider field is concurrent with a 
similar one by his company, which is 
laying plans to specialize in control 
instruments and _ printing devices. 
Wiegmann formerly was with the 
Brown Instrument Div. of Minne- 
apolis-Honeywell Regulator Co. 

> 'T'wo new appointments by Strom- 
berg-Carlson Div. of General Dynam- 
ics Corp. involve Howard S. Gleason, 
formerly manager of marketing in the 
Electronics Div., who becomes as- 
sistant’ general manager of that divi- 
sion, and Clarence A. Wetherill, who 
joins Stromberg-Carlson from Con- 
vair as engineering staff specialist at 
San Diego. Gleason came to the 
company in 1946 and organized its 
Automation Research Dept. in 1955. 
Whetherill will work under Chief 
Engineer William G. Alexander. Be- 
fore going to Convair in 1953, he was 
chief engineer for Alliance Tool & 
Motor Co. 
> A major executive change is reported 
at Westinghouse’s Electronic Tube 
Div. in Elmira, N. Y.: B. W. Sauter 
has been named general manager of 
the division, replacing R. T. Orth, 
vice president, who resigned to take an 
executive position with Sanders Asso- 
ciates, Inc. Sauter has been manager of 


the receiving tube operations of the 
plant. After receiving a BSEE from 
Rutgers University, he attended MIT 
on a Sloan Fellowship, receiving a de- 
gree of MS in business and engi- 
neering administration. He then spent 
20 years with RCA in various capac- 
ities in electronic tube manufacturing. 
He joined Westinghouse in 1956 as 
manager of the Bath (N.Y.) plant. 

> Microwave component supplier Air- 
tron, Inc. has elected Leonard Pincus 
vice-president to direct an expanded 
microwave-electronics division. Pincus 
was previously with Lockheed Aircraft 
Corp., Hoffman Labs., and Bendix 
Aviation Corp. 

> William J. Miller has joined Trans 
Electronics, Inc. as an officer of the 
corporation and general manager. He 
will be responsible for marketing at 
the test instrumentation company. 
>A former associate professor of 
physics at Dayton University has been 
named director of research for the Pre- 
cision Optical Glass Division of George 
Behm & Sons, Co. The professor- 
turned-researcher is Lloyd W. Rott 
who has served as a consultant to the 
glass firm for the past six years. 

> Kenneth W. McCrum, director of 
the R&D laboratories at SPACE 
Corp., (CtE, Sept., p. 304) is raised 
to vice-president to direct development 
of rocket test facilities. 

> George D. Keller has been appointed 
chief engineer at Brooks’ Rotameter 
Co. A veteran of 12 yedis in the in- 
strument industry, Keller earned his 
BSME at Harvard University. He 
comes to Brooks from Penn Industrial 
Instrument, where he was vice-presi- 
dent and general manager. 


Academic Appointments 


Dr. J. L. Meem Jr. to professor of 
nuclear engineering and director of 
the reactor facility at the University 
of Virginia; from ALCO Products, 
where he was chief reactor scientist. 

Dr. Daniel Alpert, to research pro- 
fessor of physics and technical director 
of the control system laboratory at 
the University of Illinois; from West- 
inghouse Research Laboratories, where 
he was associate director. 

Granino A. Korn, to professor of 
electrical engineering at the University 
of Arizona; from Lockheed Aircraft 
Corp., where he was a staff engineer in 
the Military Operations Research Div. 

E. L. Fryberger to the EE Dept. at 
the California State Polytechnical Col- 
lege; from Valparaiso University where 
he was associate professor. 
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Stability Problems Reviewed 


From “Review and Investigation of 
Unsatisfactory Control Characteris- 
tics Involving Instability of Pilot- 
Airplane Combination and Methods 
for Predicting These Difficulties 
From Ground Tests” by W. H. 
Phillips, B. P. Brown, and J. T. 
Matthews Jr., all of the Langley 
Aeronautical Laboratory, Langley 
Field, Va. Technical Note 4064 
of the National Advisory Com- 
mittee for Aeronautics, Washing- 


ton, D. C. August 1957. 


The NACA has outlined stability 
and control characteristics that a pilot 
considers desirable. Most of these re- 
quirements are stated either in terms 
of control forces and deflections in 
steady flight, or in terms of dynamic 
stability with controls free. While 
they have generally proved adequate, 
they do not cover some of the dynamic 
stability problems recently encoun- 
tered. 

These problems, which take the 
form of an unstable pilot-airplane com- 
bination, make precise control of the 
aircraft difficult. They have been en- 
countered in tests of experimental 
manual contro] systems, and in evalu- 
ation tests of hydraulic-power control 
systems. The cause of any trouble in 
the latter systems is difficult to deter- 
mine, primarily because a system with 
apparently excellent control on the 
ground can prove unsatisfactory in the 
air. Tests have now established meth- 
ods that can be used in the early stages 
of a design to determine whether a 
system will be satisfactory or unsatis- 
factory. 

This paper summarizes past experi- 
ence with unsatisfactory control char- 
acteristics involving the pilot-airplane 
combination and presents the results 
of new tests, specifically those made 
with power control systems. It also 
suggests several methods of analysis 
that may be useful in predicting these 
unsatisfactory conditions. 

One interesting ground test de- 
scribed here involved a_ projector 
mounted on pivots and equipped with 
springs and damping so that its period 
and damping characteristics simulated 
those of the short-period longitudinal 
motion of the airplane. This device 
was spring-connected to the elevator 
of an airplane so that the projected 
light beam would hit a screen mounted 
next to the cockpit. The test con- 
sisted of having a pilot attempt to 


position the spot of light between 
two marks on the screen by moving 
the control stick. The marks were 
spaced to simulate the elevator deflec- 
tion required to produce a |-g change 
in normal acceleration on the plane 
at an indicated airspeed of 300 mph. 
Runs were made first with manual 
control, then with power control, and 
finally with the spring connecting the 
projector and elevator replaced by a 
rigid link to remove any lag intro- 
duced by the plane itself. 

With manual control, experienced 
pilots had very little difficulty position- 
ing the spot with or without this 
change in linkage. With power con- 
trol, however, the pilots had difficulty 
producing a rapid step motion of the 
spot, even with the rigid link. Because 


Direct linkage 


fee 


Spring linkage 
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Spring linkage and feel 








Time, sec 


the ground tests provided no sensitive 
device to indicate to the pilot either 
the elevator position or the simulated 
airplane response, there was no reason 
to suspect that control difficulties 
would be encountered. The curves 
above were made during the tests on 
the power control system. They indi- 
cate, for the three cases shown, how 
the light spot moved with time. 


Counting Control Applied 


From “Electronic Counting — An 
Industrial Measurement and Control 
Tool” by James R. Cunningham, 
Systron Corp. Paper presented at 
the IRE Wescon Conference, San 
Francisco, Calif., Aug. 20-23, 1957. 


The list of applications for elec- 
tronic counters seems to be growing 
at a rapid rate. Despite their variety, 
most of these electronic counters can 
be broken down into a number of 
basic blocks, depending on complexity. 
These basic blocks are the amplifier, 
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The Freed Type 2030 Megohmmeter is a battery 
operated instrument especially suited for meas- 


uring leakage of transformers, motors, cables, 
condensers and insulating materials wherever 
the power line is inaccessible or where battery 
operation is more desirable. 

Resistance values are indicated on a 3” ex- 
panded scale meter protected against overload. 
Low resistance in series with component under 
test provides very short charging time for even 
the largest condensers. Calibration positioned 
provided to check accuracy of 500 volt test 
potential. The 500 volt test supply is regulated. 
@ Resistance — 

Megohms 
@ Accuracy — +3% to 100,000 Megohms 
+ 5% to 10 million Megohms. 
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Type 1620-C Megohmmeter — Designed for 
| capacitor testing 50-1000 volt variable test 
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| Megohms. 
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Send for NEW 48 page transformer cata- 
log. Also ask for complete laboratory test 
instrument catalog. 


FREED TRANSFORMER CO., INC. 
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ABSTRACTS 


scaling chain, gate and control, reset, 
oscillator, coincidence circuit, and 
readout. ‘The more basic blocks a 
counter contains, the more complex it 
becomes. Figure 1, reproduced here, 


tachometer transducer, whose outputs 
are a series of pulses, and whose pulse 
frequency is proportional to flow or 
rpm. To be usefu! in an analog sys- 
tem, this frequency must be converted 
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illustrates the many functions that 
these counters can perform. 

Until recently, counters were de- 
veloped primarily for laboratory appli- 
cations. Now, with the emphasis on 
industrial control applications, relia- 
bility has become more important than 
flexibility. More attention is also be 
ing paid to the amplifier circuits, to 
prevent the injection of spurious 
counts by heavy industrial machines. 
Other design features that combine 
to convert a laboratory type counter 
into an industrial tool include line 
filters in the power supply, circuit com- 
ponents with a wide temperature 
range, and scaling chains to minimize 
the number of vacuum tubes required. 
lo control with counting circuitry, 
proper transducers are a necessity. Up 
to now, manufacturers have concen 
trated on analog-tvpe transducers, but 
with the advent of digital techniques, 
attention is being focused on the trans- 
ducer as a common element in all 
systems. In general, transducers may 
be divided into four classes: the true 
analog type, by far the most familiar, 
but not applicable to electronic count- 
ing; the true digital type, best repre- 
sented by the digital shaft-position 
transducer, but also not applicable to 
a counting technique; the analog sens- 
ing element with true digital output, 
usually a combination type; and the 
time digital type, which is the kind 
most used with electronic counting 
techniques. A good example of the 
last is the turbine flowmeter or the 
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to a proportional voltage. No such 
conversion is necessary in a digital 
counting system, however, because the 
series of discrete pulses is considered 
digital and counted for a fixed interval 
of time. This then produces a digital 
number directly. 

The electronic counter becomes an 
industrial measurement and control 
tool by the proper combination of 
basic blocks and the proper use of a 
transducer and output unit. Actual 
application descriptions, which best 
demonstrate the unusual advantages 
of the counting technique, here cover 
the cutting and classifying of steel mill 
products, the measurement of rpm 
and fuel flow for jet engine test stands, 
the improvement of data-handling sys- 
tems, and the monitoring and control 
of motor speed in a number of textile 
processes. 


A Graphical Technique 


From “Control System Optimiza- 
tion to Achieve Maximum Hit or 
Accuracy Probability Density” by 
George S. Axelby, Westinghouse 
Electric Corp., Air Arm Div. Paper 
presented at the Annual Wescon 
Convention, San Francisco, Calif., 


Aug. 21-24, 1957 


The author first discusses several 
methods of optimization based on 
Wiener’s smoothing theory, presents 
basic assumptions, advantages, and dis- 
advantages of the mean-square-error 





criterion, and outlines modifications of 
the Wiener theory. Then he presents 
a simplified method for determining 
the optimum bandwidth of a system 
with both random and specific inputs. 
The criterion for the optimization is 
that the maximum hit probability 
density of a fire contro] system, or 
accuracy probability density of a po- 
sitioning system, shall be obtai:ed at 
a particular time of operation. 

The technique used, although 
largely graphical and therefore ap- 
proximate, eliminates complex mathe- 
matics. It assumes that a linear system 
and a constant noise function exist at 
any time. Actually, noise magnitude 
and loop bandwidth vary continu- 
ously, but because these variations are 
relatively slow and smooth, inaccu- 
racies in the solution are not signifi- 
cant. In this method, runs error due 
to random input and error due to a 
specified input are found separately as 
functions of the open-loop bandwidth 
for a system with optimum design 
characteristics. These errors are com- 
pared graphically with probability 
density curves, and a bandwidth which 
produces the maximum probability is 
easily determined. The technique can 
be applied to systems operating in 
more than one coordinate dimension, 
and can be adapted so as to optimize 
any system where it is desired to have 
a maximum probability that system 
error will be zero. 


A Versatile Technique 


From “A New Method for Com- 
pensating Contactor Servomecha- 
nisms” by ]. N. Embler and C. H. 
Weaver. Paper published in the 
AIEE Transactions, Applications & 
Industry Section, September, 1957 


Embler and Weaver go a step be- 
yond Kochenburger, who demon- 
strated a method for compensating 
contactor servomechanisms by a trial- 
and-error process. They have devel- 
oped a method for directly determin- 
ing such compensation. Their basis 
is the placement of roots of the char- 
acteristic equation of the system in 
suitable locations in the s-plane by a 
combination of root-locus and curvi- 
linear square techniques. The desired 
location of such roots can be deter- 
mined whenever the system stability 
and response speed are known. 

The technique is particularly useful 
because it is impossible to use Bode 
plots with the describing-function type 
of synthesis. Cut-and-try methods 
must be carried out on the polar plot 
and therefore are quite difficult. An- 
other advantage of the new technique 
is that it may also be used to compen- 
sate linear servomechanisms. 
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THE OFFNER TYPE 190 


DIFFERENTIAL 


For amplification of thermocouple, 
strain gage, and similar low level 
signals the Type 190 Data Amplifier 
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NEW BOOKS 


A Computer Directory 

A Sreconp Survey or DOoMEsTIC 

EvLecrronic DiciraL COMPUTING 

Systems. Martin H. Weik. Pub- 

lished by Office of Technical Serv 

ices, U. S. Dept. of Commerce. 

June 1957. $7.00. 440 pp. 

[his second survey, following the 
success of the first one compiled by 
the Ballistics Research Laboratories 
and published in 1955, updates earlier 
information by providing engineering 
and programming characteristics of 
103 different digital computing sys- 
tems available in the U. S. Items of 
value not included in the previous 
survey descriptions are figures of reli 
ability and details of the various in 
built checking systems. Other details 
on each computer include applications, 
numerical systems, arithmetic units, 
input/output, power consumption, 
production details, cost, future plans 
and installations. ‘Though the final 
section of the survey gives an analysis 
and tabulation of the system character 
istics, most of the interpretive work 
is left to the reader. However, with 15 
tables summarizing features such as 
word lengths, access times, and tube 
quantities, it forms an ideal ready ref- 
erence in making a system choice. 


Time-Saving Techniques 
ANALYTICAL DesicGN OF LINEAR 
FrEpBACK Controis. George C. 
Newton Jr., Leonard A. Gould, 
and James F. Kaiser, all of MIT. 
419 pp. Published by John Wiley 
& Sons, Inc., New York, 1957. 
$12. 

In general, there are two approaches 
to the design of feedback control sys- 
tems. The more conventional ap- 
proach, outlined in most introductory 
texts, involves a great deal of trial and 
error. It consists of analyzing a sys- 
tem and selecting various forms of 
compensation in an attempt to im- 
prove performance. Unfortunately, 
this approach provides no criterion for 
terminating successive trials when it 
becomes difficult to meet specifica- 
tions. It is impossible to know be- 
forehand whether or not the perform- 
ance demanded by the specifications 
can be obtained at all. 

The second approach, the one with 
which this book is primarily con- 
cerned, is the analytical design 
method. According to the theory be- 
hind this technique, the best com- 
pensation for a particular feedback 
control system is implicitly determined 


by the specifications. ‘The designer 
proceeds directly from the problem 
specifications to the compensation that 
will minimize or maximize the speci 
fied performance index. If, after ap- 
plying this compensation to a system, 
performance is still not suitable, either 
the performance specifications must 
be relaxed or some other specifica- 
tion changed. 

Written primarily for scientists and 
engineers who have had some gradu- 
ate training, the book represents a con- 
solidation of the scattered literature 
on analytical design and the results of 
the authors’ own research. 

Following a brief history of feed- 
back controls, and a review of the 
basic block diagrams and standard no- 
tations, the authors get down to a 
discussion of minimization procedures. 
Considering the integral-square error 
as the performance index, they dem- 
onstrate a number of ways in which 
this error can be minimized. A brief 
chapter on stochastic signals, while 
somewhat of a digression, prepares the 
reader for the next chapter in which 
analytical design theory is applied to 
systems that are subject to stochastic 
input signals. Here the object is to 
minimize the mean-square error, again 
by various parameter adjustments. An 
other more complex problem, that of 
minimizing the mean-square error of 
a system that is’ completely free, is 
treated separately in Chapter 5. 

The authors next attack the more 
realistic problem of a system with a 
semi-free configuration. Techniques 
for minimizing both the mean-square 
and integral-square errors are con- 
sidered. Chapter 7 extends the semi- 
free configuration problem to the prac- 
tical case of saturation tendencies in 
fixed elements. In the next chapter, 
the problem of minimizing bandwidth 
is transposed to one of minimizing 
the mean-square value of a transmitted 
signal, and an example is given to 
illustrate the method. Finally, Chap- 
ter 9 demonstrates an application of 
the method to a practical problem, 
the design of the azimuth drive for a 
large radio telescope. 

Six appendices (over 100 pages) 
cover Fourier and Laplace transfor- 
mations, stability criteria, conven- 
tional design techniques, _ trial-and- 
error methods in the gain-phase plane, 
a table of integrals, and the gain-phase 
relations for minimum-phase transfer 
functions. Almost 20 pages of prob- 
lems, broken down by chapters, and 
a glossary of symbols and notations 
serve to round out this excellent text 
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and industry. 
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WHAT'S AHEAD: MEE TINGS 


DECEMBER 


American Society of Mechanical En- 
gineers, Annual Meeting and Expo- 
sition, Hotel Statler, New York 

Dec. 1-6 


26th Exposition of the Chemical In- 
dustries (industry wide exhibition, 
including measurement and control 
devices), New York Coliseum, New 
York Dec. 2-6 


Institute of Radio Engineers, Ameri- 
can Institute of Electrical Engi- 
neers, Association for Computing 
Machinery, Eastern Joint Computer 
Conference and Exhibition (topics 
range from “Industrial Control 
Computers and Instrumentation” 
to “On-line Business Systems’’), 
Sheraton Park Hotel, Washington, 
D. C. Dec. 9-13 


Air Traffic Control Symposium, “The 
Mission and Methods of the Air- 
ways Modernization Board”, Frank- 
lin Institute Laboratories, Philadel- 
phia Dec. 16-18 


JANUARY 


Institute of Radio Engineers, 4th Na- 
tional Symposium on Reliability and 
Quality Control (in the electronics 
industry), Hotel Statler, New York 

Jan. 5-1] 


FEBRUARY 


American Institute of Electrical Engi- 
neers, Winter General Meeting, Ho- 
tel Statler Feb. 2-7 

Instrument Society of America, Na- 
tional Conference on Progress and 
Trends in Chemical and Petroleum 
Instrumentation, Wilmington, Del. 


Feb. 3-4 


Institute of Radio Engineers, Confer- 
ence on Transistor and Solid-State 
Circuits, University of Pennsylvania 
and Sheraton Hotel, Philadelphia 

Feb. 20-21 


MARCH 


American Institute of Chemical En- 
gineers, 1958 Nuclear Congress 
(4th International Atomic Exposi- 
tion), Palmer House and Interna- 
tional Amphitheater, Chicago 

Mar. 16-21 


Institute of Radio Fngineers, 1958 
National Convention, New York 
Coliseum, New York Mar. 24-27 
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4 (29) A mM. ma Marvard. 
7 years experience in many practical phases 
of engineering and business. Probabilistic 
investigations in radar, digital computer 
programming including subroutines. Seeks 
variety of new problems. Will relocate me $9 
travel. PW-6653, Control Engineering, P.O 
Box 12, New York 36, N. Y. 
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PHYSICIST 


DEPARTMENT HEAD 


Starting salary 
$11,000 to $14,000 
Ph.D. or equivalent to direct Advanced De- 
velopment grovp for large Semiconductor 
manufacturer in Boston area. Experience in 
device design and thorough understanding 
of semiconductor field desirable but not abso- 
lute requirement. Wide variety of problems 
in Solid State, Heat Transfer, Statistical 
Mechanics, Electro-Magnetics, Metallurgy etc. 





PHYSICISTS 


SENIOR 


Starting salary 
$7,000 to $11,000 


Senior physicists with essentially same back- 
ground also needed for device development. 





METALLURGISTS 


Starting salary 
$7,000 to $11,000 
Will be responsible for techniques and proc- 


esses in germanium and silicon preparation, 
within a process engineering group. 








You will enjoy working in Waltham, a suburb of Boston. 


fine schools and universities nearby. 
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M.1L.T. and Harvard only 10 miles away. 
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METALLURGISTS 
STAFFING NEW PLANT To $15,000.00 


Our client is staffing a new plant and is interested 
in metatiuraists with experience in metals or allied 
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CONTROL PANELS AND CABINETS 
WIRING HARNESSES 

@ Made to your order 

@ Short runs our specialty 


Send drawings for estimate 
ASSEMBLY ASSOCIATES, Cedar Rapids, lowa 


USED TEST EQUIPMENT 
Hydraulic Test Stands, Sal: Spray Cabinets, Alti- 
tude Chambers, Vibration Tables, Torque, Impact, 
Tensile and Compression Testers, Gauges, Flow- 
meters, Vickers and Denison Pumps. 


Your Surplus Test Equipment WANTED 
A & J MACHY CORP. 





1267 Flushing Ave. Bklyn, N. Y. Hy 7-0729 
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EMPLOYMENT OPPORTUNITIES 


CAREER OPPORTUNITIES fag 


With a company making premium grade elec- e Design 
tronic equipment for aircraft for a!most 30 years. @ Patents 
Located in the beautiful lake region of Northern 
New Jersey, less than 35 miles from New York City. 








@ Instrumentation 


Navigation Systems © TRANSISTOR CIRCUIT |@ Control Systems 
Communication PROJECT ENGINEER ive er: ogg 

Systems GYRO DESIGN ENGINEER elo eactmatnaad 
Servos TECHNICAL WRITERS C. A. HISSERICH 
Transistors PRODUCTION ENGINEER Recording Systems and Components 


Tape and Film Transports 


. CHIEF ENGINEER TO HEAD SERVO AND ia 
Transmitters INSTRUMENT DEPARTMENT se en ORE SS 
b ve. 4s Angeles 46, C 
Receivers ||» METHODS ENGINEERS <n reams 
| cCann Engineering Company 
Antennas QUALITY CONTROL DEPARTMENT HEAD Consulting Mechanical Engineer 


Design and Development of Test Equipment 
s a a for Synchros, Potentiometers, Gyros, Etc. 
Enjoy the pleasure of working in a new laboratory Redesign of Products—Trouble Shooting 
in a company whose products are known as the high- Pi tape y ae 
est quality in the industry. R ithon, Di Decision and 
q Y Kia Special Environment Features 
9210 So. Vermont Los Angeles 44, Calif. 



































Write or call collect: Personnel Manager EUGENE MITTELMANN, E.E., Ph.D. 


Consulting Engineer, Physicist 
AIRCRAFT RADIO CORPORATION aural geost 
RESEARCH DEVELOPMENT 


Mathematical Analysis, Instrumentation & Control 
Boonton, N. J. DE 4-1800—Ext. 238 ; 


549 W. Washington Blvd, Chicago 6, Illinois 
Phone: STate 2-3171 
































H. M. SPITZER 
Automation, Instrumentation 
Applications Specialist. 

Systems Analysis and Design of Automatic Controls 

and Instrumentation for all Industries 

Custom Drafting and Blue Print Service 
Electrical, Mechanical, Structural 

Let us solve your control and instrumentation prob- 


lems 
P. O. Box 53 Port Republic, Va 











SVERDRUP & PARCEL, INC. 


Engineers—Architects 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 

instrumentation for atomic energy .. . . chem- 
ical plants . . . . petroleum refineries... . steel 
plants... . test facilities . . . . and other process 
industries. 
915 Olive Street St. Louis 1, Missouri 








Attention 


with Beckman Systems Division CONSULTING ENGINEERS 


As you already know, the field of om > 
gineering is growing by leaps and bounds 

A NEWLY-FORMED DIVISION throughout all industries. What you might not 
know is that many, many companies have 
actually scheduled big programs in instru- 
bs ‘ mentation and automatic control for 1957. 
Positions available for Many of these firms, out of necessity, will 
have to enlist the aid of a Consulting Engi- 

ELECTRONIC ENGINEERS neer to solve problems that will arise result- 

at all levels of experience ing from this changeover. 





Please send detailed resumé By offering your specialized services 
| through a professional card in this “Profes- 

to Personnel Office— | sional Services Section’’ of Control Engineer- 

ing you will attract new clients. Cards are 
e set in standard size and style as shown 
Beckman — one — this service are ex- 
WATS; > 999 OF tremely low, . per quarter on a six- 

Systems Division — poco —- per pe ed on a 

> , . . a twelve mont sis. Bills are rendered each 
2400 Wright Avenue, Richmond 3, California calendar quarter. Cash discount 2%-10th of 
a division of Beckman Instruments, Inc. - ade pon a Send 
eo 2 @ © & 2 2. 2 © 
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A MESSAGE TO AMERICAN INDUSTRY 


ONE OF A SPECIAL SERIES 


BASIC RESEARCH .. . 
More Practical Than You Think 


This editorial, one of a special series on the im- 
portance of research to the American economy, 
deals with an aspect of our research program 
that may have serious consequences in future 
years — the lag in basic research. 

An earlier editorial in this series noted: “The keen 
interest of U. S. business firms in scientific research 
points the way to a new kind of prosperity for our 
economy — a prosperity based on deliberate creative- 
ness.” As a result of the dramatic increase in industry's 
research expenditures, more new products will be 
introduced in the years 1957-1960 than in any pre- 
vious four-year period. 

A steady stream of new products and new processes 
means better values for consumers and lower costs for 
business. And thus it promises to sustain a high level 
of general prosperity that defies the old laws of boom 
and bust. But, as we look further ahead, there is 
a danger that the stream of research discoveries 
may run dry because of our neglect of basic 
research. 

This danger was described by John Jav Hupkins, 
late founder and chairman of ibe General Dynamics 
Corporation: “Unless there is a revoiutionary de- 
velopment in America of pure, not applied, science, 
there will come a day when there is no use in trading 
in your old car; because the new one is no better. The 
only difference between this year’s television set and 
next year’s will be the appearance of the cabinet! 
Scientific progress will be replaced by scientific stag- 
nation.” 


What Basic Research Is 


Basic (or pure) research has been characterized 
as the pursuit of knowledge for its own sake rather 
than to fulfill some practical objective. It is generally 
carried out in an environment which allows the in- 


vestigator the freedom to follow the lead of his 
curiosity. The scientist in basic research, in the words 
of Glenn T. Seaborg of the University of Caiifornia, 
is not concerned with “utilitarian goals, but a search 
for deeper understanding of the universe and the liv- 
ing and inorganic phenomena within it.” 


Impractical as basic research may seem in its 
initial purpose, it is an essential prerequisite 
to applied research and product development. 
A few examples will show how some of the greatest 
technical advances of recent years have come from 
basic research projects that had no immediate prac- 
tical objective: 

@ Radar — an important military development 
of World War I] with broadening commercial appli- 
cations — was the outgrowth of a basic research 
project whose purpose was to obtain information 
about the height of the ionosphere, the layer of air 
that lies some 25 miles above the earth’s surface. 


@ Transistors — the miniature devices which are 
already vital components of hearing aids, pocket 
tadios and a wide variety of industrial equipment — 
vere invented at Bell Laboratories (research sub- 
ricki o} the American Telegraph and Telephone 

inv following university investigations into the 
elec 11 enavior of solids, 


@ Neoprene -- a synthetic rubber — was devel- 
oped bv duPont with the help of basic information 
provided by Father Nieuwland of Notre Dame, who 
discovered he could control the polymerization (the 
linking together of molecules) of a certain class of 


organic Compounds, 


@ Nylon —the first of the noncellulosic synthetic 
fibers tcat have revolutionized the textile industry — 
grew ont of fundamental research by Dr. Wallace 
Carothers on long-chain polymers. 
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Only 8% of All Research and Development 
in the U. S. is Devoted to Basic Research 


$3,870 

million 
Applied million 
Research 

and 

Develop- 


ment 


$460 
million 


a 


$70 
Basic - million 


Research eB 
Conducted by... Industry Federal Colleges & Other 
Government Universities institutions 


Data: National Science Foundation, ‘Funds for 


Basic Research in the United States, 1953": 


Industry’s Stake in Basic Research 
Industry traditionally has relied upon colleges and 

universities and other nonprofit institutions for basic 

research; and the U.S. has long benefited from the 


A =] 
greater emphasis placed on basic research in Europe. 


It is conventional to think that business cannot, and 
should not, do much about “ivory tower” projects 
which do not have immediate practical application. 

However, there is not so much in this idea as is 
supposed. The examples above illustrate what Caryl 
Haskins, president of the Carnegie Institution, has 
called “the widespread paradox that the most impor- 
tant practical consequences are commonly the least 
sought after.” Furthermore, it is certain that, without 
adequate basic research, industry’s efforts to produce 
new and better products will become progressively 
more difficult. And our national defense, in an age of 
breathtaking military applications of science, will be- 
come increasingly precarious. 

In the past, our economic growth came largely 
through expansion into new lands or through dis- 
covery and development of rich deposits of natural 
resources. Such opportunities are relatively limited to- 
day. The great opportunities now lie in discovering 
n w materials and new properties of the materials we 
already have. This is the job of basic research, 
and industry has a vital stake in it. 

The chart indicates the tiny share of research efforts 
in the U.S. that is devoted to basic research. Only 
4% of all research by industry, and only 8% 
of all research in the U.S., during the year 1953 
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(the latest for which information is available) rep- 
resented fundamental research to add to over- 
all scientific knowledge. Even in colleges and 
universities less than half the research performed is 
basic research. At least one Nobel Prize winner has 
expressed the belief that we need and should work 
toward a doubling of the proportion of our total 
research effort that is devoted to basic research as 
soon as possible. 


What Business Can Do 

Without anything like a staggering increase in the 
total cost of its research programs, industry could do 
much to expand our basic research effort. Companies 
with big research programs should, as a matter of suc- 
cessful survival, be devoting a share of the effort in 
their own laboratories to basic research. Significantly, 
companies that are already doing a notable job of 
basic research have also made an outstanding record 
of translating such research into new products for in- 
dustry and the consumer. 

Smaller companies may rightly regard the conduct 
of research projects with uncertain prospects of re- 
ward as a luxury. Some basic research, indeed, never 
results in any tangible payoff. But, with modest con- 
tributions, small companies can still have a part in the 
advance of basic research. They can join together with 
other companies on cooperative projects. They can 
support basic research through trade associations 
and technical societies. They can help research 
centers in universities and other nonprofit institutions. 
Arrangements are available in some instances whereby 
business firms can pay a fee to have access to work 
done by university researchers. 

One way or another, it is up to private busi- 
ness firms to see that basic research moves 
forward. By doing so they will be laying the 
groundwork for the development of the new 
products and technology on which their growth, 
and the growth of the economy, depend. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text, 
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McGRAW-HILL PUBLISHING COMPANY, INC. 














THE INDEX 
TO THIS VOLUME HAS BEEN REMOVED 


FROM THIS POSITION AND PLACED AT 


THE BEGINNING OF THE FILM FOR THE 


CONVENIENCE OF READERS. 





“Our greatest challenge... 
the development of men’’ 


Ralph Cordiner, President, General Electric Company 


“Few expenditures we can make are more 
important than those for education. A well- 
educated person produces more and consumes 
more, makes wiser decisions at the polls, 
mounts a stronger defense against aggression, 
and is better able to perform the grave re- 
sponsibilities of American citizenship. 


‘Freedom needs educated people. So do busi- 
ness and industry. I earnestly ask you to 
support the college or university of your 
choice in its planning for expansion and a 
stronger faculty. The returns will be greater 
than you think.” 


If you want more information on the problems faced by 


HIGHER EDUCATION 


higher education, write to: Council For Financial Aid To 
Education, Inc., 6 E. 45th Street, New York 17, New York 


Keer IT BRIGHT 


Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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READY FOR DELIVERY 


TIC miutature maltiturn potentiometer 
LINEARITY .o05% 
THE PERFECT COMBINATION OF MINIATURIZATION, PRECISION AND STABILITY... 


... the M10TO9 multiturn precision poten- 
tiometer is especially designed for appli 
cations in confined areas where the unit 
has to be small and yet there can be no 
loss of precision or reliability — applica- 
tions such as aircraft, missiles, computers, 
etc. 


The TIC M10T09 has a precision machined 
aluminum base and is impervious to shock 
and severe environmental conditions. Ex- 
traordinary electrical accuracy combined 
with mechanical precision produce inher- 
ent stability. New advanced design of 
the resistance element and precious-metal 
wiper and contacts provide long life with 
minimum change in linearity and noise 
characteristics. 

The new TIC M1OTO9 multiturn potenti- 
ometer is now in full production and ready 
for Jelivery. This latest addition to the TIC 


line of precision miniature potentiometers 
incorporates only the very best materials, 
unique new methods of design and ad- 
vanced production techniques to yield ex- 
cellent linearities. It is an entirely new 
concept in precision miniature potenti- 
ometers, 


Designed to meet the most exacting mili- 
tary and commercial specifications, this 
ten-turn potentiometer is extremely versa- 
tile. It provides high resolution in a range 
from 1000 ohms to 100,000 ohms and 
operates at temperatures from —55°C. to 
+ 130°C. 

Type M10TO9 is the result of TIC’s con- 
stant research and development program. 
It is another step forward in setting the 
highest standards in the precision minia- 
ture potentiometer field. 


Complete specifications on the new M10TO9 are available on request. 


Type MI10TO9 is the result of TIC’s constant research and development pro- 
gram. It is another step forward in setting the highest standards in the precision 


miniature potentiometer field. 
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Now... 


variable area 


flowmetering 


up to 12” 


pipelines 


The 844 makes conventional flowmetering old fashioned! 


Fischer & Porter Figure 844 FLOWRATOR Meter gives 
you all the advantages of variable area flowmetering 
... plus high capacity . .. without the shortcomings 
long associated with older type meters. 


Here’s a sampling of what you get with the 844 
FLOWRATOR Meter... 


linear flow ovtput — graduations are uniform, no 
square root calculations are necessary 


all-metal construction — available in steel, stainless, 
and Hastelloy 


wide metering range — accurately measures flows 
over 90%-95% of its operating range 


low, uniform pressure loss — loss as low as 10” water 
column, remains constant over entire flow range 


no straight run limitations — 
straight runs of pipe 

self-cleaning action — fluid velocities and rising ac- 
tion of float keep meter clean and free from 
plugging 

high repeatable accuracy — based on predictable per- 
formance principles supported by extensive lab- 
oratory flow data 

mass flowmetering — can be made to read directly 
in mass flow rates ’ 
And there’s more! For complete information on 

Figure 844, write for Catalog 10-A-43. Address 

request to Fischer & Porter Co., 827 County Line 

Road, Hatboro, Pa. In Canada, write Fischer and 

Porter (Canada) Ltd., 2700 Jane St., Toronto, Ont. 


freedom from long, 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





